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Preface

This manual presents a detailed design example emphasizing major capabilities of the Computer Aided
Structural Modeling (CASM) computer program which is a program designed to aid the structural engineer
in the preliminary design and evaluation of structural building systems by the use of three-dimeansionai
interactive graphics.

Funds for the development of this program were provided to the Information Technology Laboratory (ITL),
US Army Engineer Waterways Experiment Station (WES), Vicksburg, MS, by the Directorate of Military
Programs, Headquarters, US Army Corps of Engineers (HQUSACE), under the Research, Development,
Test, and Evaluation (RDT&E) program. The work was accomplished under Worn Unit No. AT40-CA-001
entitled "CASE (Computer Aided Structural Engineering) Building Systems." The work was performed by
members of Wickersheimer Engineers, Inc., of Champaign, IL, under Contract No. DACA39-86-C-0024.
Funds for publication of this report were provided to ITL under the RDT&E Program and CASE Project.
Specifications for the program were provided by members of the Building Systems Task Group of the CASE
Project. The following were members .'t the task group during this phase of program development:

Mr. Dan Reynolds, US Army Engineer (US-FX.. District, Sacramento (Chairman)
Ms. Anjana Chudgar, USAE LDvision, Ohio Rivter
Mr. Pete Rossbach, USAE Dis.trict, Raltimore
Mr. Gary Close, USAE District, Savannah
Mr. Dave Smith, USAE Distri(,, Omaha
Mr. Mark Burkholder, USAF District. Tulsa
Mr. Jerry Maiimpth I I.•A" District, Portland
Mr. Young Hsu, USAE District, Memphis
Mr. Michael Pace, WES

The computer program was written by Messrs. David Wickersheimer, Gene McDermott, and Carl Roth of
Wickersheimer Engineers, Inc.
This report was written by Messrs. Wickersheimer, McDermott, and Roth and Mr. Michael E. Pace,
Computer-Aided Engineering Division (CAED), ITL, WES.
The work was monitored at WES by Mr. Pace, under the general supervision of Mr. H. Wayne Jones,
Chief, Scientific and Engineering Applications Center; and Dr. N. Radhakrishnan, Director, ITL. Mr. Charlie
Gutberlet is the HQUSACE Technical Monitor.
During publication of this report, Dr. Robert W. Whalin was Director of WES. COL Leonard G. Hassell,
EN, was Commander and Deputy Director.



Project Description

This 1 and 2 story project is to provide approximately
9,500 gross square feet of office space for os of W
possible sites:

14 (a) Charleston, South Carolina

- "(b) Radford AAP, Virginia

8 7Y Soil conditions are unknown at both s~ies.85'-• 73'-8=

The following project criterie has been established:

1. The 36' x 72' space on the first level shall be column free for open office planning.

2. The 48' x 72 first and st.;ýn ftoor areas shall provide 24' square bays.

3. The first floor shpal be -. .: no-& M6i t!e iops of pernmete continuous wall footings set at 2'-6"
below grade. Column footings will be isolated spread footings.

4. The second floor occupancy live loads located on the plan are:
Offices: 50 psp
File Storage: 150 pst
Corridor, Stair & Lobby: 100 pst

5. Structural framing schemes to be designed and compared shall be as follows:

Scheme A: All steel, non-composite,
lateral load resistance - rigid frames.

Scheme B: All steel, composite,

lateral load resistance = X braced frames.

Scheme C: Monolithic concrete for two story portion, steel for lower roof portion.

lateral load resistance = shear walls.



Project Description

"- 4_ 24.0Y & ? 8,0

86.00 .0-

24.0 --- 24.0

2 S : - 2 1. -

Typical
Rigid 2. 

.zFrame I4.0 -J Pis 24.0

Locotions 
Ti - l -

- . . .. c 4 - -. .....
24.0 2.

I'

I I
I Upper fRoof

Second Floor LOwe* RUoot

Typical Rigid Frame Locations

Single Ply Membrane

/ / -- .3" Rig id Insulation

,.Single Ply Adhered Membrane 1-1/2" 20 go Metal Roof Deck
A""TTT1,_ 3" Rigid Insulation - 1-1/2" Concrete

V/] 1 - 1/2. 20 go Metal Roof Deck
- Upper Roof

Mechanicoa: 3 psi

Electrical: 1 pef
Sprinklers: 2 psf

..-- Lay-In Acoustical Ceiling

Truss J Mechanical: 3 psf

11 Electrical: 1 psf
Partition Load =6 psf Sprinklers: 2 psf

5/8' Drywall
-3-5/8" Metal Stud

1" Insulation Board

A v f Carpet & Pad

-- ,, Second Floor

- ' " 2-1/2" NLWT

-- 2"-209oa Metal Floor Deck

Mechanical: 3 psf
Electrical: 1 pgf
Sprinklers: 2 psf
Loy-In Acoustical Ceiling

5" Limestone Panels



Project Description

Schgme_ B

&0 110

24.0 240

2i

Typical I
X-Bracing Joist. 0 4' o.c.

Second riOo. Lo*er Roof Upper Roof

Typical X-Bracing Locations

S--Single Ply Adhered Membrane

3" Rigid Insulation Single Fly Membrane
1-1/2" 20 go Metal Roof Deck 3" Rigid Insulation

Upper Roof 1-1/2" 20 go Metal Roof Doeck

•/'/Mimonicl: 
p~r 

//, •+ 
1-1/2" Concrete

Electrical: 1 psf
Sprinklers.: 2 psf "oer

Lay-In Acoustical Ceiling 00

10" Partition Load - 6 pM l

5/8" DrywallMehncl3 s
3-5/8" Metal Stud Electrical: 1 psl

1" Insulation Board Sprinklers: 2 psf

Carpet & Pod

" Second Floor

2-1/2" NLWT
"2"-20go Metal Floor Deck

,Mechanical: 3 psf

Electrical: I psf

Sprinklers: 2 osf

Lay-in Acoustical Ceiling

5" Limestone Panels
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Project Description

8 038.0 124.0

24.0 2 .0

24.0 St Irs- J Is s o.. . 240

2 4 .0 _ _ - - - - - - ~ - - - - -2 4 .0_ _ _-_ _J 
- \K !,- 4..

Upper Ro,ýf

"cond loor Lower Root
TypIcal 10" Concrete

Shear Walls

Single Ply Membrane

3" Rigid InsulationT-1-1/2' 20 go Metal Ro•OeV7 -Sin g e P ly A d h e re d M e m b ra n e -1- 1 / 2' Co n cre t e
-,, . , U p per Roof/ 2 ' C n r t

...- -' . . -*- -1=- 4" Concrete Slob. ...

Mechanical: 3 psf s-lt .r---t°? .. Lower

Electrical: 1 psf
Sprinklers: 2 psf

SLoy-in Acoustical Ceiling

Truss Mechanical. 3 Ipsf

B 15/8" Dr*01 oroes:2 s

I• ;'F---- • •vS''Meia, Sud
1" Insulation Board

Carpet & Pad

. Second Floor

4 " Concrete Slob

"Mechanical: 3 Dsf
"Electrical: 1 osf
-Sprinklers: 2 psf

* lLoy-in Acoustical Ceiling

5" Limestone Panels
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Project Description

6. The typical exterior envelope consists of 5" limestone panels, I" rigid insulation, 3-5/8" metal studs, and

5/8" drywall.

7. Window and door openings are uniformly distributed to all elevations.

8. Load Assumptions:

Importance Exposure

Category Category

Snow: I C

Wind: I C

Seismic: IV

9. Material Assumptions:

Concrete: 4,000 psi, NLW"

Steel Reinforcing: Grade 60

Steel: A36

10. Fire resistance rating shall be achieved by a wet sprinkler system.

5
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Computer Aided Structural Modeling

Stant .

Database

Draw Model' Import DXF
, .,, , .Reference Drawing

Snow Loads

Wind Loads Main Wind Force
Resisting

Components & I.- Calculate After I
J Structure Is Drawn

"Open Roof

I Dead & Live Loads Dead Loads Area Loads Los

Database
- Wall Loads

- Point Loads

~I
--- 1 Occupancy Live Loads Live Load Reduction

jArea Loads

SPoint Loads -

SMinimum Roof > Calculate After
Live Loads Structure Is Drawn
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Comcouter Aided Structural Modelin ....

Y

Floor/Root Framing Grids & Openings

Draw Stntre On-Wa )a Surfce
.. ......... ...

-- Widely Spamdi

•-• Truss

--- • Waill

Assign Loads

SAnalysis -T-> amii.:_

'4,

De ig IIIn

-,3' i er•

Column/Wall4
=Load Run DownLieLaRduto

S Analysis

Design

8I I I I I



AiComouterAded Structural Modeling

Lateral Resistance..

Wind JSeismc

Seismic Loads

iDefine Diaphragm Flexible

! "--'•!Rigid

Define Lateral Trussing
Resistance

SRigid Frame

L4 Shear Wall

Analysis

Quantity Take-Off

Compare Schemes

End

I Independant Sub-Program,=

DeinLasMember Self 2- nayi Member Design

"Weight Estimating Spreadsheets
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S Start

MenuUSeen Criteria

Pr'oject Project Dada

Project Name: Office Building - Scheme B
City/Installation: Radford AAP City~ntllto
Country: USA
State: VA
County. Pulaski
Design Load- fM 5-809-1 1 1 Select Radford AAP
Building Code: BOCA From List
Seismic Code: TM 5-809-10 1991
Elevation Above Sea Level: 3300 ft
No. Of Stories: 2
Floor Area: 9504 sq ft
Occupancy: Use Group B
Type Con st: 3A
Seismic Lateral Load Resistance

N-S System: Blank
E-W System: 9!anfý

Regional Review Regional Data
Wind

Basic Wind Speed: 70.0 mph
Coastal: No
Maximum Wind Speed: 58.0 mph
Wind Direction: SE

Snow
Ground Snow Load: 25.0 psf
Maximum Snow Depth: 15.0 in
Snow Density: 17 3 pd

Rain
Average Annual Rainfall: 44.0 in
Maximum Rainfall: 4.0 in

Tem perature
Maximum temperature: 92 °F
Minimum Temperature: -24 °F

Seismic Zone: 2A: 0.150
Frost Depth: 22 in

11



Criterip

v

Site Site Specific

Wind
Exposure c
Importance . 00

Snow
Exposure: c iOO
Importance: 1 1.00
Roof Slippery: No
Thermal Factor: 1 0

Seismic
Importance: IV. 1 00
Soil Factor: S3:. 1 5

Soil
Blank

Print Print Data

SBasic Design Criteria
t] All Other
[] Prir -7,, File

Execute Notepad

Scroll Output

Page Setup

Left Margin: 0.5 in
Right Margin: 0.0 in

Print File ,

Exit Notepad

2 End

12



Criteda

Basic Design Criteria

Proiect Data
Project Name Office Building - Scheme 6

installation :Radford AAP

-ountry USA

3tate VA

:ounty Pulaski

Design Load TM 5-809-1 1991

Building Code BOCA
Seismic Code TM 5-809-10 1991

Elevation above sea level : 3300 ft.

Ho. of Stories . 2
Floor Area 9504 aqft.

occupancy : Use Group B

Type of Construction 3A
Seismic Lateral Load Resistance

N-S System
N-S Rw 0

E-W System
E-W Rw 0

Regional Da~a
Wind

Basic Wind Speed : 70.0 mph

-oastal No

Maximum Wind Zpeed : 58.0 mph
Wind Direction SE

Snow

Ground Snow Load .,s ý psf

Maximum Snow Depth 15.0 in.

Snow Density 17.3 pcf
Rain

A.-erage Aann-1' .a fa2•. : ,.i in.

Maximum Rainfall 4.0 in.

Temperature

Maximum Temperature 92.0 deg F
Minimum Temperature -24.0 deg F

Seismic Zone : 2A : 0.150
Frost Depth : 22 in.

Site Specific Data
wind

Exposure C

importance I 1.00

Snow

Exposure C 1.00
Importance : I : 1.00

Roof Smooth No
Thermal Factor 1.0

Seismic

Importance : IV 1.00
Soil Factor : S3 1.5

Notes

Importance Factor for Snow and Wind:
I All buildings and structures except those listed below.

II Buildings and structures where primary occupancy is one in which

more than 300 people congregate in one area.

III Buildings and structures designated as essential facilities,
including, but not limited to:

Hospital and other medical facilities having surgery or emergency
treatment areas.
Fire or rescue and police stations.

Primary communication facilities and disaster operation centers.

Power stations and other utilities requ, ired in an emergency.

Structures having critical national defense capabilities.

13



Criteria

IV Buildings ind structures that represent a low hazard to numan life
in the event of failure, sucn as agricultural buildings, certain
temporary facilities, and minor storage facilities.

Wind Exposure Category:

Exposure C:
Open terrain with scattered obstructions having heiahts
generally less than 30 ft.

Snow Exposure category:

Exposure C:
Locations in which snow removal by wind cannot be relied on to reduce
roof losd i because of terrain, higher structures, or several trees
nearby.
"The conditions discussed should be representative of those that are

likely to exist during the life of the structure. Roofs that contain
several large pieces of mechanical equipment or other obstructions do
not qualify for siting category A.

Snow Thermal Factor:
Heated Structure.

* These conditions should be representative of those that are likely
to exist during the life of the structure.

Importa'•ce Factor for seismic:
I. Essential Facilities

Hospitals and other medical facilities having surgury an,' emergency
treatment areas.

Fire and police stations.
Tanks or other structures containing, housin; or supporting waier

or other fire-suppression materials or equii:maent reoutred for -'.e

protection of essential or hazardous facili:les, or special
occupancy structures.
Emergency vehicle shelterr and garages.
Structures and equipment in emergency -- epareaness centers.

Stand-by power generating equipment for essential facilities.
Structures and '-rue. , *,.I.. -enters and other
facilities required for emergency response.

II. Hazardous Facilities
Structures housing, supporting or containing sufficient quantities
of toxic or explosive substances to be dangerous to the safety of
the general public if released.

III. Special Occupancy Structure
Covered structures whose primary occupancy is public assembly -

capacity more than 300 persons.
Buildings for schools (through secondary) or day-care centers -

capacity more than 250 students.

Buildings for colleges or adult education schools - capsaity more
than 500 students.
Medical facilities with 50 or more resident incapacitated patients,
but not included above.

Jails and detention facilities.
All structures with occupancy more than 5000 persons.

Structures and equipment in power generating stations and other
public utility facilities not included above, and required for

IV. Standard Occupancy Structure

All Structures having occupancies or functions not listed above.
Seismic Soil Factor:

S3: A soil profile 70 feet or more in depth and containing more than
20 feet of soft to medium stiff clay but not more than 40 feet of
soft clay.

The site factor shall be established from properly substantiated
geotechnical data. In locations where the soil properties are not
known in sufficient detail to determine the soil profile type, soil
profile S3 shall be used. Soil profile S4 need not be assumed unless

the Building Official determines that soil profile S4 may be present
at the site, or in the event that soil profile S4 is established by

geotechnical data.

14



City/Installation Database

Run Cardfile

SOpen CITIES-CRD I]

! Duplicate Card

Edit Index

Index Line: Charleston

Modify Fields 1 Fields

USA SC Country State
Charlestnn County
TM 5-809-1 1991 Design Load
40 Elevation (ft)
52.0 10.0 Ave. Pain kii.) Max. Hain (in)
5 Ground Snow Load (psf)
7.0 Max. Snow Depth (in)
100 Basic Wind Speed (mph)
71 NNE Y Max. Wind Speed (mph) Wind Direction Coastal (Y/N)
102.0 8&0 Max. Temp. (*F) Min. Temp. (*F)
0 3 Frost Depth (in) Seismic Zone

SFle

.- ~- AddAnthe~.Yes

Exit Cardfile1

End
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Modeling Philosophy

A. Simplify the geometric model

For buildings with repetitive wings, only one wing needs to be modeled.

Insignificant portions such as chimneys, dormers, and small projections, should not be modeled.

I I

Extra wings are not necessary Simolifiel mooel

B. Make sure planes are in contact

A gap between adjoining shut .•s will make ti ie surfaces exterior.

Use the Stack options to accurately place adjoining shapes.

C. Do not intersect shapes

When modeling parapet walls, make sure the comers do not intersect.

Incorrect Correct

D. Verify the model

Use the Tape Measure command, zoom in on a plan, elevation and 3-D views to verify the model.

17



18



DrawMode
Start

Use Draw Model m

Tool Palette

Establish Initia! _

Layout Defaults '

Ground Plane Units Initial Object Stack On
Ssize Ground

Size: 100' x 100' Increment: 4"
Spacing: 20' x 20' Display: ft-in N-S: 73'8" Plane

'/ Show Ground Plane -d Snap To Units E-W" 85'8"
Height 14'0"

Plane Thickness: 10"
Orientation: N-S

Draw Building Draw First Position Cube On Double Click Right'
Volume Floor Volume Ground Plan. Mouse Key End

Draw Second ~ iStack On Last
Floor Volume Shape

Place Cube On
Last Shape[ Drag Plane To

Correct Dimension
E-W : 49'8".... , ..

Draw Gable Place Prism On
Roof Volume Last Shape 1..

Lack N-S& E-W

Drag Edge To
Correct Roof Slope -.

Slope: 5.8 in 12 -

19



Draw Model

Draw Building i Draw Gable Unlock N-S & E-W
Vume Root .Volmum

Draw Parapet Initial Object Size
Walls Height: 4'0"

, Stack On
Plane

Position Vert"cl j
Plane On Roof ,-r

Initial Object Size

O'iewation: E-W

Pnsition Veiticaf
Planes On Roof

Rotate View To
Select Ba•., Slice

Planes

Slice Both E-W J
Vertical Planes

Delete 4 Unwanted
Sliced Shapes •

II I I I II II I I " = . ,

Remove Gable Delete Prism
Roof Volume Shape ,

Check Building I

Volume YYY

Tp esPlan, Elevation Zoom Arnd Pan]
0And Section

End

20



Draw Model
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Stant

Use Loads Andi
Design Tool Palette

Calculat Snow I
Loads Review Criteria

Calculate.

ViewOutp -- View Sectinq

Print Screen L_
00 Printer

-~View Calculations Print Data

El All Other
0 Print To File
0 Execute Notepad

y

Scroll Output

Page Setup

Left Margin: 05in
Right Margin: 0.0 in

Print File

Exit Notepad

-View Perspective (3D) Solid Object

Show Loads

Ead None

23



Snow Loads

24



Snow LoaOs

Snow Unbalanced (pst)

Snow Balanced (psi) 75ý0 25.0

Snow Drift (psf) 4-0"4--32

Snow Sliding (psf)

65.4
Snow Combined (pst) 25 .0 6 25.0 p- -

Snow utiolonced (psf)

Snow Balanced (psi) 25.0

Snow Drift (psf) 49Z0 0 49.0

Snow Sliding (psf)

74.0 74.0
Snow Combined (psf) • 25.0

25



Snow Loads

Project : Office Building - Scheme B
Location Radford AAP
Design Load TM 5-809-1 1991
Time Sat Jan 25, 1992 5:40 PM

..... .. * *,, ,,****** F lat/Lean- To goo f Snow Lo ad Design ... ... ... ... ...... ..

Flat Roof Snow Load (Pf)

Pf - '.7*Ce-Ct-I*P1
..ýw oXposure Category: C

Ce - 1.0

Heated Structure.

Ct = 1.0

Importance Category: I

1 = 1.0

Pg = 25.0 psf

Pf - 17.50 psf

Roof Slope: 0.00 in 12
Theta - 0 deg
Check minimum Pf where theta <= 15 dog
When Pg > 20.0 psf, min Pf = 20*1
Min Pf = 20.00 psf
Since theta < 1/2 in/tt, 5 psf rair-on-snow surch.,rge applies.

I PE - 25.00 psf I

Sloped Roof Snow Load (Ps)
Ps - Cs*Pf
Roof Slippery: No
Cs - 1.00

-------------------

******************* Drift Snow Load Design **************************

Pg - 25.0 psf
Snow Density - 17.25 pcf
Pm = 20.00 psf (rain-on-snow surcharge not included)
hb = Ps/density

hb - 1.16 ft
Projection Height - 4.00 ft
hc = height-hb

hc - 2.84 ft
hc/hb - 2.45 >- 0.20 Therefore consider drift load.
Importance Category: I
I - 1.0

Snow Exposure Category: C
Ce - 1.0

Separation - 0.00 ft
lu - 35.17 ft
hd - 0.43*lu^1/3*(Pg+10)^1/4-1.5

hd - 1.93 ft
Width of drift: W - minimum of 4*hd or 4*hc >- 10 ft
w - 4*hd - 7.71 ft
w - 4-hc = 11.36 ft

W - 10.00 ft

hd = hd*(20-s)/20 - 1.93 ft
hd <= ha

Pd = hd*density

I Pd - 33.23 paf

26



Snow Loads

....... *....... -nrift Snow Load DesiLan

Fg = 25.0 psf

Snow Density = 1'.25 pcf

Ps = 20.00 psf (rain-on-snow surcnarge not :nciudea)
-b - Ps/density

hb - 1.16 ft
Projection Height - 4.00 ft
hc - height-hb

hc = 2.a4 ft
hc/hb - 2.45 >- 0.20 Therefore consider drift 10ad.
Importance Category: I
I = 1.0
Snow Exposure Category: C
Ce - 1.0

Separation - 0.00 ft

Iu - 72.00 ft

hd - 0.43*lu^1/3* (Pqg10)^1/4-J.5

hd = 2.85 ft

Width of drift: W = minimum of 4*hd or 4-hc >= 10 ft
w - 4*hd - 11.40 ft

w = 4*hc = 11.36 ft

W - 11.36 t1

hd - hd*(20-s)/20 = 2.85 ft

hd > hc, therefore hd hc = 2.8, ft

"d - hd*density
--------------.

I Pd - 49.00 psf
------------------+

****tt****t***t********** Drit Snow Load Design ..*** .* .

Pg - 25.0 paf
Snow Density - 17.25 pcf
Ps - 20.00 psf (rain-on-snow surcharge not included)
hb - Ps/density
hb 1.16 ft
Projection Height - 14.00 ft

hc - height-hb

hc - 12.84 ft
hc/hb - 11.08 >- 0.20 Therefore consider drift load.
Importance Category: I
I - 1.0

Snow Exposure Category: C
Ce - 1.0

Separation = 0.00 ft

lu - 49.67 ft

hd - 0.431Iu^1/3 (Pg+10)^1/4-1.5

hd - 2.34 ft
Width of drift: W - minimum of 4-hd or 4*hc >- 10 ft
w - 4-hd - 9.38 ft

w - 4*hc - 51.36 ft
+ ----------

I W = 10.00 ft I

hd - hd*(20-s)/20 = 2.34 ft

hd <- hc
Pd - hd*density

Pd - 40.44 psf i

. ---------- +

27



Snow Loads
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Wind Assumptions

EPrgpartion. For B/L & h/L ~. egtR~:07

Plan Ratio: 0.75

Bu~~ldunm Humh haiu L0Fe

Am~me orcmpnnmad ihdi

h2
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Main Wind Force Resistina Loads

Use Loads And
Design Tool Palette

Calculate WindReiwCtra
Loads% Opening Cos: -025 & +0.25

Main Wind Force Resistance System

zIIII Cal ulate

View Output 01 View Section I-

U
Prnt Screen T1-W

, (9• Printer i•,,

View Calculations Print Data

SWind
All Other

[ Print To File
[ Execute Notepad

Scroll Output J
Page Setup

LeftMargin: 0.5in
Right Margin: 0.0 in

S Print File

Exit Notepad

ViwPerspectve(30) SoidObject

I I3I
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Main Wind Force Resisting Loads

View Output Show Loads

J I GCpi = 0

GCpi Positive
GCpi Negattve

B & LAssumptions
none

End



Main Wind Force Resistino Loads

'nd Load: ICcr =C ý.osf)

,Ninc Locd: CCoiýG (psi) '0.6

7 T 7 T T T 7 T
'2.1

1.10

1 0.1 _

W~nd Loacý: C.Cp '- {psf)

4.0
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Main Wind Force Resisting Loads

Proiect Office Building - scheme B

Location Radford AAP

Design Load TM 5-809-1 !.391

7ime J3at Jan 25, 1992 5!46 PM

.*....* * ************..** Wind Load - i****** *********.*.*...********

".'s-locity importance Exposure Width Lenath Roof Type

Factor Perperd. Parallel

"-c Wind to Wind
ýmph) (ftý (ft)

"70.0 1.00 2 36.0 73.7

Distance to ocean line >= 100 mi. h/d = 0.39 <- 5

************* * .Main Framing Pressures * ** * ******

Parallel to Ridge or Length

Location z or h Gh Kz qz 2p External Pressure P (psf)

(ft) ipsf) GCpi=0 -- 25 0.25

Windward Wall
parapet 22.0 1.32 0.89 11.2 0.30 11.8

level 3 18.0 1.32 0.04 10.5 0.80 11.1 "3.6 .6
level 2 - 3 16.0 1.32 0.82 10.3 0.80 10.9 13A4 9.4

level I - 2 7.0 1.32 0.80 10.0 0.80 10.6 -3.1 8.1

level 1 0.0 1.32 0.80 10.0 0.80 10.6 13.1 ;.i

Leeward Wall 14.0 1.32 0.80 10.0 - 2.30 -4.0 -1.5
Side Wall 14.0 1.32 0.80 10.0 -0.70 -9.1 -6.7 -11."

Roof 14.0 1.32 0.80 6.00 -0,70 -9.2 -6.. -1l.'

In*iernal 14.0 nA 4 1 L C 7 -2.5 2.5

****************************** Wind Load -2 *****************************

Velocity Importance Exposure Width Length Roof Type
Factor Perpenu. Parallel

to Wind to Wind

(mph) (ft) (ft)

70.0 1.00 C 73.7 49.7

Distance to ocean line >- 100 mi. h/d - 0.56 <= 5

* * ************* * Main Framing Pressures *.*.*.*..*..************

Parallel to Ridge or Length

Location z or h Gh Kz qz Cp External Pressure P (pse)

(ft) (psf) GCpi-0 -0.25 0.25

Windward Wall
level 3 28.0 1.26 0.96 12.0 0.80 12.1 15.1 9.1

level 2 - 3 21.0 1.26 0.88 11.0 0.80 11.1 14.1 8.1

level 1 - 2 7.0 1.26 0.80 10.0 0.80 10.1 13.1 1

level 1 0.0 1.26 0.80 10.0 0.80 10.1 13.1
Leeward Wall 28.0 1 26 0.96 12.0 -0.50 -7.6 -4.6 -10.6
Side Wall 28.0 1.26 0.96 12.0 -0.70 -10.6 -7.6 -13.6
PRoof 28.0 1.26 0.96 12.0 -0.70 -10.6 -7.6 -13.6

Internal 28.0 0.95 12.0 n.0 -3.0 L.
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Main Wind Force Resistina Loads

".loctI Imoortance ExDosure Width .anga-tn :1 ot T,'ce

'actor 'eraena. , ira.iei

Wind - Wind

"" 1.7 ) 9,7 3.7

Distance to ocean ilne ,.0 mi. -'d - ý.56 - 5

".*'*'* ***' M**a"sin Framing Pressures .**********************.

?araliel to Ridge or 1Anctn

Location z or h 3h '. z 1z -Op External Pressure P (psf)

Sft) (psf) GCpi-0 -4.25 1.25

Windward Wall
level 3 28.0 1.26 0.96 12.0 9.80 -?.. 15.1 1..
level 2 - 3 :1.0 1.26 0.88 ii.0 0.80 11.1 14.1 9.1
level i - 2 .0 1.26 0.80 10.1 .3 70.I 12.1 .
level 1 ).0 i.26 0.80 10.0 .30 ".. 13.1 .l

Leewara wall -8,0 1.26 0.96 12.0 -. 40 -•.0 -3.0 -9.0
2ide Wail 28.0 1.26 0.96 12.-1 -0.70 - 2.6 -. 6 -13.6
Roof 28.0 1.26 0.96 12.0 -0.70 -70.6 -7.6 -13.6

:nternal 28.0 0.96 12.0 0.I - 3.0 3.0

...........*** **** *** Wind Load - 4 ... *'* *****

Velocity Importance ExPosure Width Length Roof Tynpe
Factor Perpend. Parallel

"W ind to Wind
(mph) (ft) (ft)

70.0 1.00 C 73.7 36.0

Distance to ocean line >- 100 mi. h/d - 0.39 <- 5

***..... . . Main Framing Pressures************************

Parallel to Ridge or Length

Location z or h Gh Kz 7z :p External Pressure P {psf)
tft) (psf) GCpi-0 -0.25 7.25

Windward Wall
parapet 22.0 1.32 0.89 11.2 0.80 11.8
level 3 18,0 1.32 0.84 10.5 0.80 11.1 13.6 8.6
level 2 - 3 16.0 1.32 0.82 10.3 0.80 90.9 13.4 8.4
level I - 2 7.0 1.32 0.80 10.0 0.80 10.6 13.1 8.1
level 1 0.0 1.32 0.80 10.0 0.80 10.6 13.1 8.1

Leeward Wall 14.0 1.32 0.80 10.0 -0.50 -6.6 -4.1 -9.1
Side Wall 14.0 1.32 0.80 10.0 -0.70 -9.2 -6.7 -11.7
Roof 14.0 1.32 0.80 10.0 -0.70 -9.2 -'.7 -11.7
Internal 1,.0 0.80 10.0 0.0 -2.5 2.5
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Main Wind Force Loadsting_____

.eiOc~t7 :mportanca Exposure ;;tdth :-encrt n loot r"Pe

Factz~r "rrenc. iara..ei

24stance to :)cean line mi. 1>! -n . 56 S6

........ .......... Main Framing Pressures.............................

Farallel to Ridgeore Length

'ocation z or hi Gh Wz -4z -p External Pressure P (psfh
(ft) (pst) GCpiO( - .25 7.25

windw~ard wall

l.evel 2 28.0 i,26 9.96 12.0 0.80 1. 51 3,

.eval 1 - 2 :4.0 1.26 0.80 10.0 1.80 31 3. '1
level 1 1.0 1.26 0.90 10j. 0 1'7.80) :1 13.1 -

-ýard wall 28.0 1.26 .96 12.0 50 -7.6 -4.6 -196

- ~e will 28.0 1.26 '.6 20-7 -10.6 --.6 -13.6

'8.0 .2 .6 1.-(2 -. 6 -. -1.

..~nl28.3 1.96 12.0 ).D -3.0 3.0

::t-es f ~r m-in framing:
P:s.tive pressures act tow~ard surfaces.

ýIz'ssure or suction -P h*Gh*Cp-qh*(GCpi)
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Wind Components & Cladding Loads
Start

Use Loads And
Design Tool Palette

View Perspective (3D)

VI

Calculate Wind Review Qite ria
Loads H % Opening Coefs: -0.25 & +0 25

® Components & Cladding

Calculate

Select Wall Plane

Tributary Ar2a F2 Key For

Horizontal Vertical l Keybard I Jput

Base Point: 0'0" 010"

Point 2: 4'0 14'0"
Length: 4'0" 14D"

1F

Wind Components & Cladding
0] Add G•pposite Side Of Roof

Name: Limestone Panel

Component Tributary Width

Yes. Use Code Provision

•f . ... ... ... . . .. ... ... ... ...........

Cancel Defining > Mouse: Double Click
Tributary Areas Right Mouse Key

i•. View Output , • View Section

I

Print Screen .

i (<) Printer J
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Wind Components & Cladding Loads

View Output View Caiculations Print Data
' Wind
[ All Other
ED Print To File
LF Execute Notepad

Sacoll Output

Page Setup

Left Margin: 0 5 in
Right Margin: 0.0 in

Print File

S Exit Notepad

View Perspective (3D) [-* .olid Object

Sho LoadIsI

I Components & Cladding
S Zone Areas |. -''-•. -- -.I-

i n~one lP• "•:;.":--.

SEnd
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Wind Components & Cladding Loads

Wind Load: Component & Clndding (pst)

-4 ______

17.5

Mrnd Load: Components Clodding (pat)

21.8
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Wind Components & Cladding Loads

Project Office Building - Scheme 0

Location : Radford AAP
Design Load TM 5-809-1 1991
Time Sat Jan 25, 1992 5:49 PM

.**..******....*.....Wind Load........................

7elocity Importance Exposure Width Length Roof Type

Factor Perpend. Parallel
to Wind to Wind

(mph) (ft) (ft)

70.0 1.00 C 49.7 73.7

Distance to ocean line >- 100 ml. h/d - 0.56 <. 5

Height Kh qh GCpi
(ft) (psf)

28.0 0.96 12.0 -0.25 0.25

Height <- 60 ft

**************~ Component/Cladding Pressures (psf) "................

-------------------- ----- Wall -------------------------------

Windward Leeward

Tributary Zone 4 Zone 5 Zone 4 Zone
Area (af) middles corners middlet corners

GCp P GCp GCp P GCp P

Internal -3.0 -3.0 3.0 3.0

Limestone Panel 4.67 ft ;,z L'_
65.3 1.21 17.5 1.21 17.5 -1.31 -18.,' - 5; -_%i

a - 5.0 ft

Notes for components and cladding:
P = qh(GCp)-qh(GCpi)

Internal pressures have been included in above values.
For roof overhangs: algebraically add this pressure

to the above values. P = qhtGCp) = 0.Sqh
To comply with TM 5-809-1, wall external pressures
have not been reduced 10% per ASCE figure 3, note 3.

For a rectangular tributary area, the width of the area

need not be less than one-third the length of the area.
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Dead & Live Loads

Start

Use Loads And
Design Tool Palette

Live Loads Use

Add

Office: Offices 50 psf

Add

Office: Corridor (Main)
100 psf

Add
Off. -e: Files & Storage

80 psf

Increase Files & Double Oick On
Storage Load To ---> F S

150 pst

Stop Using
Occupancy (LL)

Dead Loads }•Floor Dend Loads Use Floor (DL)I

Input
__~se

Input Select Type

Name: Second Floor
Type psf

Partition: 51-100 pit 60 y .

Finish: Carpet & Pad 1 0 Scroll To Find

Deck: MTL DK 2,0/NLWT 2.5 42.0 Load Type & PSF

Structure: Steel Beams 0 0 .. .._ ----_I__

Mechanical: Mech NC Ducts 3 0 ..

Electrical: Elect/Lighting 1 0

Fire Protection: Sprinklers Wet 2.0 Double n lick
Ceiling: Susp ChnlI/Tile 2 0 On Load Type

Total: 57.0

I41
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Dead & Live Loads

r Dead Loads Floor Dead Loads Save

Stop Using
R Foot (DL)

I~ooI1 I

Roof Dead Loads Use o ot(DL)

Input

Name: Lower Roof
Type psi

Roofing: Single Ply 1 5
Deck: MTL DK 1 5/NLWT 2.5 36.0i
Structure: Steel Bar Jst 36'@4' 2 7
Mechanical: Mech A/C Ducts 3 C
Electrical: Elect/Lighting 1.0
Fire Protection: Sprinklers Wet 2.0
Insulation: Rigid Roof Ins 3" 2.4
Ceiling:
Total: 4P b

Save

Input

Name: Upper Root
Type psf

Roofing: Single Ply 1.5
Deck: Steel 1-1/2" 20ga 2.5
Structure: Steel Beams 0.0
Mechanical: Mech A/C Ducts 3.0
Electrical: Elect/Lighting 1.0
Fire Protection: Sprinklers Wet 2.0

, Insulation: Rigid Roof Ins 3" 2A4Ceiling:_." Suspchnl/Tile 2,0
Total: 14.4

Next To View

Lower Root Load

Stop Using

Roof
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Dead & Live Loads

DedLads WalDedLads Use WllDL)

Input

Name: Extenor Wall
Type ps_

Finish' Limestone 6" 68,8
Sheathing:
Structure: Stl Stud 16ga 4"@16 1.1
Insulation: Exp Polyst Rigid 1" 0.2
Finish: Gypboard 5/8" 3 1
Total 73.2

Save

Input

Name: Parmpet
Type s

Finish: Limestone 5" 68.8
She-i', ing:
Structure:
Insulation:
Finish:
Total: 68.8

Next To View
Exterior Wall Load

Stop Using
Wall (DL)

Print Print Data

SLoads
[1 All Other
0Print To File
0 Execute Notepad
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Dead & Live Loads

Prit Scroll Outut

Page Setup

Left Margin: 0.5 in
Right Margin: 0.0 in

Y
Print File

Exit Notepad

End ]
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Dead & Live Loads

Loads

Floor Dead Loads

Name Second Floor

Type psf

Partition 51-100 plf 6.0
Finish Carpet & Pad 1.0
Deck MTL DK 2.0/NLWT 2.5 42.0

Structure Steel Beams 0.0
Mechanical Mech A/C Ducts 3.0
Electrical Elect/Lighting 1.0
Fire Protection: Sprinklers Wet 2.0
Ceiling : Sump Chnl/Tile 2.0

Total : 57.0

Roof Dead Loads

Name : Lower Roof

Type psf

Roofing Single Ply 1.5
Deck : MTL DK 1.5/NLWT 2.5 36.0
Structure Stool Bar Jat 36"640 2.7
Mechanicnl Mech A/C Ducts 3.0
Electrical EJect/Lightin.g 1.0
Fire Protection: Sprinklers Wet 2.0
Insulation Rigid Roof Ins 3" 2.4
ceiling 0.0

Tota.L 48.6

Name Upper Roof

Type psf

Roofing Single Ply 1.5
Deck Steel 1-1/2" 20ga 2.5
Structure : Steel Beams 0.0
Mechanical : Mech A/C Ducts 3.0
Electrical Elect/Lighting 1.0

Fire Protection: Sprinklers Wet 2.0
Insulation : Rigid Roof Ins 3" 2.4

Ceiling : Sump Chnl/Tile 2.0

Total . 14.4

Wall Dead Loads

Name Exterior Wall

Type psf

Finish 2 Limestone 5" 68.8
Sheathing 0.0
Structure Stl Stud 16ga 41116 1.1
Insulation Exp Polysty Rigid 1i '.2

Finish : Gypboard 5/8" 3.1

Total 73.2
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Dead & Live Loads

Name Parapet

Type psf

Finish : Limestone 5" 68.8
Sheathing : 0.0
Structure 0).0
insulation 9.0
Finish 0.0

Total 68.8

Occupancy Live Loads

Name psf

Office: Offices 50
Office: Corridor (main) 100
Office: Files & Storage 150a

a. Variable design load. increase may be nece:isary.

Notes
Uniformly distributed live lads for support.nqr inreras: i.e., two-way
slab, beam, girder or columns having an infli'ence are,% of 400 -q ft or
more may be reduced with: L - Lo*[0.25+(15/•qrtfAXi)W
The reduced design live load will not be lens th.nr. 50% of tl.e unit
live load for members supporting one floor, nor less thara .0% of the
unit live load for member& :upporting two - more flotz.
Exceptions: For live loads less than lnr psf, no reduction _%
ted for members supp,.ting floor(s) in the followirg 'Tea?

-garages [except where 2 or more floors arr• 5upport.ýdl
-one-way slab floor

For live loads greater than 100 psf and for garages used for passenger
cars only, no reduction is permitted for members supporting one floor:
however, where two or more floors are supported, a 20% reduction is
permitted.
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Minimum Root Live Load
SStart

Use Loads & Design
Toot Palette

Select Second Floor/
Lower Roof Horizontal

Structural Plane

Calculate Minimum Minimum R
Poof Live Load C] Add Opposite Roof ,'______"

I f -JLL

Tributary Area--

Horizontal Vertical -t _____
Base Point: 48'10" 3&'10" ____'_.. _

Point2: 8N10" 4210"___
Length: 36'0' 4'0j

anceiMrinium1 i
S} Roof(LLi) L., W.,,.,

View Outlut ViewSe

Print Screen J
Printer

-* View Calculations Print Data
Z] Min. Roof LL
Cl All Other

Print To File
Execute Notepad

Scroll Output ]
----------.Y

Page Setup

Left Margin, 0 5 in
Right Margin: O0 in
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Minimum Roof Live Load

View Output View Calculations i Print FileJ ,,, ,, iJ _

Exit Notepad

-- View Perspective (3) 'H Solid Object

Show Loads

None

YN

End
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Minimum Root Live Load

?roiect O ffice Building - -cheme 8
Location Radford AAP
:esiqn Load TM 5-809-1 1991

me : Sun Jan 26, 1992 4:25 PM

".......1- ... "........ Minimum Roof Live Load iLr) ....... .............

Tributary area [At) : 144 sf
Roof slope o) : 0.00 in 12

Lr - 2C-RI-R2 >- 12

At <- 200 R1 1,00
F <= 4 R2 1.00
Lr - 20.00 psf
minimum Lr - 12 psf

-Lr - 20.00 psf
-------------------

Oheck minimum roof 'ile load, Lr, against minimum snow design loads.

Additionally, for the design of secondary members such as roof
decking and rafters, a concentrated live i:'d with 250 lbs uniformly
distributed over an area of 2 feet square (4 sqt,) will be included.
The concentrated load will be locatsd so as to proc.,ce the maximum
stress In the member.
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Loaas Database

Run Notepad

Open LOADS.DAT

Scroll To Location

In File

SNew• Item i ~ ~~~~.. ......................................... .............. ... .. .....In et A S gl Ta h r c e

AddInsert A Single Tab CharaCte
Between The Texk And The Load

Save File

Ad1d Another Yes

5No

SExit Notepad I

End
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Draw Grid & Openings

Use Draw Structure
Tool Palette

Define Structural I Select Second Floor/
Grid Lower Roof Horizontal

Structural Plane

v

Structural Plane Information

Name: Second Floor/Lower Roof

vi

Close Structural Plane
Information Dialog Window

Define Grid

N-S Spacirg: 24'0"
I E-W Spacing: 24'0"

Perimeter Offset: 10"

Delete Grid Lines Delete Grid Lines
t D&E

Select Grid Line '.1
E Then D

Double Click Right '-s-
Mouse Key To End
Deleting Grid Lines 3- '

53



Draw Grid & Openings

Draw Openings Add Openinq

Horizontal Vertical F2 Key For
Base Point: 0" 24'10" Keyboard Input
Point 2. 810". 48'10"
Length: 80" 24'0"

Opening/.. -----

Name: Stairs
[ Continuous ,9'

, - , . . . ..- . . . .End

54} , - -
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Draw Structure Philosophy
Structure Hierarchy

Surface/Deck -

(horiftal)

1 way 2 way
(not mcý mtd)

Linear Narrowly Spaced on glra
(hoirtmontal) O(s)

Widely Spaced pines. concentrated k ý!

(buniform

Surface

uniforn lokma

ULnear concflrated loads.
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Draw Structure

Sta_ t -

Use Draw Structure
Tool Palette

! l I

Draw Upper I S. Select Upper
Roof Framing Root Horizontalg Structural Plane

Structural Plane Information

Name: Upper Roof -

Close Structural Plane
Information Dialog WindowI

Draw Linear Beams
On Ah G, id Unes

Draw Third Point Linear: Widely
Beams In Bay A132 Spaced

Select Handle On

Grid A1-B1

Select Handle On

Grid A2-B2 "

Double Click Right
Mouse Key To End (7>,

Defining Area

Save Linear Elements

Orientation N.SI
[ NumberOf Elements2 2 ! I

Draw One-Way
Surface In Bay Al -B2
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Draw Structure

- - -I I
Draw Upper Draw Surface Select Handle On

1 R 7:n In Say Al-B2 Grid Line A1-A2

I ii

Select Handle On "
Grid Line 81-B2 -r .

Double Click Right

Mouse Key To End

Defining Area

Save Surface Element I
Orientation: E-W •lF

Copy Beams &
One-Way Surface Copy Structure

To Other Bays
Y

Point Beams
i I

Select One-Way
Surface

Double Click Right
Mouse Key To End
Selecting Structure

Select Grdd
Location Al As

The Base Point

Paste Structure - ___

Select Grid Locations I
B1, A2. B2. A3 .B3 FI

Double Click Right
Mouse Key To End
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Draw Structure

Draw Upper I Draw Columns Column All Grid
Roof framing Intersections 7

Save Column Elements ,

Orientation: N-S (E3 All1 Floors . . . ..... .

w-id

Draw Second Floor/ Select Second Floor/
Lower Roof Framing Lower Root Horizontal

Structural Plane

Draw linear Beams -- I
On AllGrid Lnesj

II nsAlGide Lin04 LF171;
Delete Beams At

Grid Locations 1
Draw Third Point Beams Past* Structure

And One-Way Surface
In Bays Al -12. B1 -C2, _______B2-C3.,3-B4. 83 -CA

Select Grid Locations
A. B1. B2.A3. B3 IC _

Double Click RightI Ij
Mouse Key To End 14

Draw Third Point Linear: Widely
Beams In Bay A2-B3 Spaced
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Draw Structure

Draw Second Floor/ Draw Third Point Select Handle On

Lower Roof Framing Beams In Bay 42-B3 Grid B2-B3

Sele, -landle On
C: id A2-A3 i

Double Click Right
Mouse Key To End ___ --___

Defining Area -

II '

Save Linear Elements

Orientation: N-S -
Number Of Elements: 2

")raw Surface In L- Surface: One-Way i
Bay A.33.2-B3

Select Handle On
Grid A.33.2-A.33.3

Select Handle On
Grid Line B2-B3

Double Click Right
Mouse Key To End 1 .

Defining Area I . ......

Save Surface Element
Orientation: E-W -irI"

Draw Joists In LUnear: Narrowly

Bay C1-D4 Spaced

Select Handle On _S Grid C1l-D1 , :

Select Handle On
Grid C4-D4 J

V

60



Draw Structure

Draw Second Floor/ Draw Joists In Double Click Right
Lower Roof Framing 3ay CI-D4 Mouse Key To End

Defining Area

Save Linear Elements

Orientation: E-W
[ Spacing: 48"

Draw Surface In Surface: One-WayI

Bay C1-D4_

Select Handle On
Grid C1-D1

Select Handle On
Grid C4-D4

Double Click Right
Mouse 4ey To End

Defining Area

Save Surface Element N

Orientation: N-S ,,-
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Draw Structure

Draw Second Floor/I Draw Columns Column One Grid
Lower R jot Framing Intersection

Select Grid Locations
D1. D2. D33. D4 I

Double Click Right
Mouse Key To End
Selecting Locations

Save Columns -- -

Orientation: N-S -•-
Height: 14' --- ,
Ail Ploors --&

View Structure > Perspe(tive3D) -- F) Transparent Object

--• Show St .,,-.t, .

1.End
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Draw Structure

A B

24.0',

24.0

24.0

Upper Roof

C 3

2240360

16.0

240 I

C2

24.0 St rs

2 .0

eodF100r./Lower Roof
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Draw Structure ________________ _________

�jI
j

.1
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Assign Wall Loads Philosophy

2 3

thispprmsh mv memory
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Assign Loads

S Startn

Use Loads & Design
Tool Palette I

Assign Live Loads --> Select Second Floor/
Lower Roof Horizontal

Structural Plane

Use Occupancy (LL)

Highlight Office
50 PSf

Asbg. Offices 50 pst > F2 Key For1 !i Keyboard Input !
Horizontal Vertical Input

IBase Point: 2410" 10"
48'10" 72'10"1

Length: 24-0" 72'0"

AsinOffices 50 psf
Horizontal Vertical

Base Point: 101, 48'10'
Point 2: 24'10" 72'10"
Length: 24'0" 24'0"

Highlight: Corridor7
(main) 100 psf

Assign Cornifor (main) 100 psf

Horizontal Verticalease Point: 8'10" 24'10" -'

Point 2: 24'10" 48'10.
Length: 16'0" 24'0"

Highlight: Files& &
Storage 150 psf6
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Assign Loads

Assign Live Loads Assign Files & Storage 150 psf

Horizontal Vertical ,

Base Point: 10" 19"
Point 2. 2410" 24'10"
Length: 24-0' 24'0' "

Stop Using j -

Occupancy (LL)

Assign DedLoads Assign Floor Loads j- 9  Use Floor (DL)

Assign Second Floor Load

Horizontal Vertical
bmse Point: 10* 10"
Poit 2: 48'10" 24'10"

Leng4h: 48'0" 24'0"

Assi,.r Sc'r,•,d~ :'-: ,"=

Horizontal Vert:,al

Base Point: 8'10" 24'1Y"
Parint 2: ar- •i )

Length: 400" 24'0"

Assign Second Floor Load

Horizontal Vertical
Base Point: 10* 4810" - (7'1
Point 2: 48'10* 72'10" (.0 gi
Length:. 48'0' 24'0"

Slop Using I " "
Floor (DL) --

Assign Roof Loads -> Use Roof (DL)
Next Button To

_ _ _ _ _ _View Lower Roof

Assign Lower Roof Lo3d " > immm', u-

se Horizontal Vertical A*

Base Point. 4810" 101 Fm
Point 2 84*10" 72'10" -i - it.. -
Length: 36'0" 72'0"

Slop Using ,i .

Roof (DL)

68



Assign Loads

Y Y

1 Assign Dead Loads Assign Exterior e
Wall Loads L W(DL

Assign Exterior Wall Load > Next Button To
AView Exterior Wall[]Assign All Floors.......

Horizontal Vertical .- " "
Base Point: 10 10" -,

Point 2: 10" 72*10" .
Length: 010" 720" ,

Wall Height
Stan: 14'0" J , " :l

End: 14'0"

Assign Exterior Wall Load "-

E Assign All Floors
Horizontal Vertical

Base Point 10" 10"

Point2: 48'10" 10" l
Length: 48T)" 0'0"

Wall Height

Start: 14,0"

End: 14'0"

Assign Exterior Wall Load

E3 AssignAllFloors

Horizontal Vertical
Base Point: 48'10" 10"
Point 2: 48'10" 7210" ' ,>
Length: 00" 72'0"

Wall Height

Start: 1470"
End: 14'0"

Assign Exterior Wall Load .

[ Assign All Floors
Horizontal Vertical

Base Point: 10" 72'10" ;" -
Point 2: 48'10" 72'10" 114

Length- 48'0" 010" 1 . -
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Assign Loads

Assign Dead Loads Assign Exterior Wall Height
Wall Loads Stan: 14'0"

End: 14'0"

Assign Parapet Use Wall (DL) I
Wall Loads,

Assign Parapet Wall Load > Next Button To j
View Parapet Waill

C] Assign All Floors

Horizontal Vertical
Base Point: 48'10" 10" 1"

Point 2: 84 10" 10"

Length: 360 0.0.

Wall H:ýight +
Start: .410" j --

End:40 "

Assian P-:rapet Wall Load ',

7i A-i'n All Floors -

Base Point: 84'10" 10" , t
Point 2: 84'10" 72'10"1

Length: 00" 72'0"

Wall Height

Start: 4'0"

End: 4'0"

Assign Parapet Wall Load

ElAssign All Floors
Horizontal Vertical

Base Point: 48'10" 72'10" . .
Point 2: 84'10" 72'10"
Length: 36'0" 0.0" ,,

Wall Height

Start: 4'0"
End. 40MY

Stop Using
Wall (DL)

7VV

70



Assign Loads

Assign Dead Loads Assign Upper -- Select Upper
Root Loads Roof Horizontal

Structural Plane

yI
iI Use Root (DL)

Assign Upper Roof Load Next Button ToSView Upper Root

E] Assign All Floors

Horizontal Vertical

Base Point: 10" 10" ). ',) K.

Point 2: 48'10" 72'10'
Length: 48'0" 72'0"

Stop Using I
Roof(DL) .

I

Assign Ground Select Ground .
Floor Wall Loads Floor Horizontx.

Structural Plane

Structural Plane Information

Name: Ground Floor

Clos., Structural Plane

Informatin Dialog Window

Use Wall (DL)

Assign Exterior Wall Load > Next Btton To
View Exterior Wail iE Assign All Floors

Horizontal Vertical
Base Point: 10" 10" .,-'

Point2 84'10" 10"

Length: 84'0" 0'0"

Wall Height

Start: 14'0"
End: 1 4'0"

4v
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Assign Loads

Assign Dead Loads • Assign Ground
,, Floor Wall Loads

Assign Exterior Wall Load (Ii
[] Assign All Floors ().

Horizontal Vertical-1 0Base Point: 84'10" 10" - ---......

Point 2: 84*10" 7210"

Length: 00" 72'0" __

Wall Height
S Start: 14 70

End: 147

Assign Exterior Wall Load ('

E] Assign All Floors C .T
Horizontal Vertical

Eas -Point. 10" 7210" . .0
Poinf 2: 84'10" " "
Length: 84'0" '0" !

St

Wall Height

Start: 14'0"
End: 14'0"

Stop Using
Wall (DL)

7 End
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Assign Loads

33

Z 4.0
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Assign Loads

S( S• " Ic )

C'

24.0

24.0

24.0

Upper Roof

A 24.0---:: 24.0 nc36.0---

24.0

24•teri r Wall Exteri Wall

24.0

Ground Floor
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Analysis & Design Philosophy

Preliminary Angahis

A. Select: * Malertal --
• Load Combination -

(Live Load Reduction)
SsmeM ~To Analyze

B. Review:. * Attibtes
* Guidelines -

C. Connectivity

D. Self Weight Esimalte * Guidellm

Pattern Loads
E. aJyus Review LoadL ,-.-.....-,

• Connectvt L

LL ... ... .

• AtaI•p Output V v '
I -1__ _ _ _ _ _ _ _

E=I M
A 1000 _ _ __M

F. Re-Analysis (wvf real propertie)
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Analysis & Design Philosophy

Preliminary Design

* Maximum V's, M's, R's, etc. sent to Excel

Spreadsheets

Connectv Loads M V

Dimensions

Allowable Stresses

Allowable Deflections RRaquired: I & S

Cowla-S= 8 ,.-,,, Teble

Selection
sent back
to CASM
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Sjur Element Analysis

Start

i Use Loads & Design
S Tool Palette

Select Upper
Roof Horizontal
Structural Plane

SMaterial ,Steel

Load Combination Use Load
D Combination

Set Factors

Dead: - .0
Snow: 1.0

Add

OK Button To Close
Dialog Window

Highlight D+5

Select Element To Surface One-Way -ml

Analyze& DesignI ~ Boot Deck 1
Select AOne-Wa ii
Surface Element .

Review Element ,

Attributes & Guidelines -
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SurfaLte Element Analysis

Preliminary Analysis ).4 U,,se PreliminarV

Ana•is

)nits Feet& Pounas

[ Use Actual Properties .. .,.. ,
] DL-Deck÷Seltf Weight

i~

Decking Analyis r '

Number Of Spans
Distance From Edge 2- ........
Starting Span Number

C3 Include Superimposed Dead Load -j ".

I I I

Analysis

Analysis File Name Optional

Yes. The Loads & Connecirvity

Are Correct ;

View Shear. Moment &
DIefection Diagrams . . -.-

Excel Data .

(V) Execute Excel

End
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_urface Eiement Analysis

2.0 Deaa ~if) .__ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

00 Suoerimoosea Oeaa li!f) 7 .' " 7 7" .7

25.0

1.00 Snow (plf) 7 7 -7 7 -7 7 7

8B.0 8.0 &

126.1 57,6
157.6126.1

SShea ) N \ i"

"-NN -:26.l

-189.1

201.7 201.7

63.0
Moment (bft) /."

/ /

•/ /
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Steel Roof Deck Desian

S Start

Review Spans, Depth Limit,
Wind & Deck Loads &

Deflection Limits

Reviw CaculaionsUse Scratch Pad To
Re&ew Caele ations .. Explore Spans, And

I & Selections Loa,.ding Alternatives

SelectMemberJ

Print SpreadsheetJ

Return To Preliminary

Select Member

[ Send Member Size
To CASM

Print Spreadsheet

ýLReturn To CASM

re CASM Double Click On i
CASM Icon

Cancel Selected

Element

8End
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Steel Roof Deck Design
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Steel Roof Deck Design

Steel Deck Selection

STEEL ROOF DECK PRELIMINARY SELECTION
Project: OffIce Building - Scheme B Date: Feb 26, 1992

Locatlon:ý Radford AAP Engr:

Load and Analysis Data:
Method: Analysis Load Combination: D + S

Member ID: Factored Moments (lb-ft) Fact. Reactions
Connectivity: Beam (Left) Load Type Left Mid Right Left(Ib) Rlght(Ib)

Beam (Right) Deck 16.0 12.8 16.0 12.0 12.0
Deck Span: 8 ft Sup Dead 76.2 60.9 76.2 57.1 57.1
Trib Width- 3 in Live

Depth Limit. 1.5 in. max Lmin Roof
Fy- 33.0 ksi Snow 160.0 128.0 160.0 120.0 120.0
Fb- 20.0 ksi Wind I
Fv- 13.2 ksi Summary 252.2 201.7 252.2 189.1 189.1
E - 29,000 ksi Load Combinations for roof:

Live Ld Deft- L/240 =0.53 In Load Case #1: D + S Est. Deck Wgt = 0.8 psf
Total Deft- L/180 =0.40 in Load Case #2: Deck + Wind I Wind Load = -40.0 psf

Load Case #3: Deck + Construction 200# Point Load
Deck Configuration:

Deck Type: Roof Deck Cellhlar: No

Cove Load Combinations:

f .Load Fb M+ M- S+i S- lx
Case (psf) Factor (f-lb) (f-lb) (n.3) (In.3) (in.4)

Number of # 1 1.00 201.7 92.2 0.121 0.055 0.0001
spans = 3 # 2 -39.2 1.33 293.5 -235.8 0.132 -0.106 0.1650

# 3 0.8 1.33 284.1 -133.1 0.128 -0.060
Maximums: 293.5 -235.8 0.132 -0.106 0.16501

Steel Roof Deck Selection Table - Spans = 3
Depth Sx+ Sx- Ix Dk wgt Const S Limit

Deck Type Gage (in) (in.A3) (in.^3) (in.^4) (psf) 1 Span 2+Span
WR 20 20 1.5 0.237 -0.251 0.207 2.2 6'-3" 7-5"

IR18 18 1.5 0.204 -0.211 0.222 2.8 6'-2" 7-4"

NR18 18 1.5 0.176 -0.182 0.203 2.9 5'-11" 6'-11"
WR18 18 1.5 0.322 -0.331 0.298 2.9 7'-6" 8'-10"

CASM Preliminary Steel Roof Deck Selection:

Deck Type: WR 20. Spang 8.0ft Depth: 1.5 In Description: 2-1/2"RLi6"oc
Weight: 2.2 psf Gage: 20 Ix D 0.207 Construction Load Span Limits:

Sx+ - 0.237 Sx- = -0.251 1 span: 6-3" 2+span: T-5'
Notes:
1. Steel roof deck properties from representative manufacturer's data.
2. Design calculations from SDI Design Manual for Roof Deck - 1987.
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Narrowly Spaced Element Analysis

S Start

Use Loads& Design I
Tool Palette I

Select Second Floord
Lower Roof Horizontal

Structural Plane

Material Steel

I Load Combination Use Load,
_ _D + S Combination

Set Facors

Dead: 1.0
Snow: 1.0

!i Add

OK Button To Close I
Dialog Window

Highlight D+S

In lUst

SletElementFT Linear Narrowly Spaced n
Open-Web Joist-K .

Select A Narrowly Spaced.
Element Near A Corner-,

Review Element - "
Attributes & Guidelines

V



Narrowly Spaced Element Analysis

SPeliminary Analysis Use Pr a

Analysis

Units Feet& Pounds

Z3 Use Actual Properties
C3 DL=Deck+Self Weight

Connectivity

Left: Hinge
Right: Roller

| 11111 D1 I

Self Weight

E.imated Self Weight: 0,0 , -p - ---

RA alysis
Analysis File Name: Optional

Yes. Tf.a Loacd, 0- ___,_____ i_
Are Correct

View Shear. Moment &
Deflection Diagrams }ti.

Excel Data

C) Execute Excel

y d•> .. • __ _......_
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Narrowly Spaced Element Analysis

1.00 Dead ýplf) *.

4099.2

[I183.6 11008

1.00 Superimposed Dead (Pff) 4 9 7 1 J

261.8 227.0 227.0 22T0 23~8 8

1.00 Snow (plf)

I. 36.0

Shear (lb)

68318.2-700

Moment (Ibft) ______________________________________________

0.0 0.0

409%, 421 4 421 4 d 1
1f4 I-

Deflection N

7468 0 1605 0
Fotaý Combined no.



Narrowly Spaced Element Analysis

..... o...... o ...o**** *............ *o. l

0 ~ ~ ~ e 11, 0-3 r5001 rO .0 00.
---J------------ - -- - -------u-------4- ... ..2 .. ...........0..0 .

2 2 0 0 0 000 400 : 50

1 0RANS 1 fi0 400 1 ,0

4 10 15 1 1 a 0.0 00 50

5o o of L •I 0 0 0.00 . :

.U4.0l of AmLLES"l TTPZW4ER of•L Amm0 - 00

ýVmtltOf FXEDPAID4 FOA MAN. . . . . . . . . . . . .00 0. . . . . .
ZSlem V 0.SI1S TOKiO N

oso.osooo -1o4i 154 t 71731t -0 000O O•f.iSO.

Soui.050m A , 1 am * 5051

lOOOAI. m ao 000 9001A0 .0IT'0.10 71 - 0t .11
S.O..... .. ......... .... 0 0.0006 lll0 0.0010 -1141100.000

0 00 -00I 000O00 -0400341115 0l0 0 -00 040 00

xfxinz.2. o ws oooo~. 00.00 -2424040as.0150 *444040HS4 OATOO 0.000 .)t041181704o .01 .V4002 .4|00
- ---- 00---- I-- --.0140.6070 -020000.9301

MR+I AR AR nIA1Aam ow

1 1o00.0000 0.0000 4 •0.• .000 -006 0 r002 0 0000

*eba 0 0Wd~ aw 0 .000 *.00 40.00 .7. 04000

- ------------------- 0 .0 20 -429.21 10 .300 1. 0

P@"Til in up'a .0010mIIl040.0 see -40044 0.000.

0 I0 I 73 POWD ,AA 1-i

11 .aAL 0l Ia" *. -- .. .. . -S+SS . .o ,.?4

Law Dom "mmA STRbDO =0115 CODIN 0 1700 #.4000 .00 .3.0 02.0

--- -. . . . . . . . . . .. - -. 000- - -0-- -.- -0 - - - -.-- 4 4 0.000 -1 1.440 11:0.,744

U3003 -. 0 /0l .00 .070) 7I0 4 .744 .000 1.;.0 0 000.01 341
to .000 -. : .. .- 0 .. 000 10.

LA O, mo2 . o - .000 -00.I$ 0.00 .. 4.40 o.oo

remmll s, rom1, INLCA 2030-1 - 0-.5I ------------ - - ----- 003010. 0 040o -00 . . . . . .. -1 0.00........... ..........

TTT I. oooA Io .. oo To -Z oAAooE
---- To x roam . CPU" o. o

-------- - - - - --------- 4 I.-- - .- ----.-- 0 - ----- -0------0 0 .. 00....00 .04 -1 ..40 -1.4 0.0. ---.-- 0 --

00 0.000 -0000 .026 -4*0.oo +.o00.0

ro w~~ 
0000 

8 ~ LO~ 
. ~ ~ U

0 0. o - oo o

o0 1 004 * o0.0o0o..007 AIlO 00,oo 0oo oy z 00 o.o osoo a

- - - - - - - - - -- 40oW 1,oo *0.3o0o03o

0 0.000 J 0 .o40 :1.o4 0.,00 0.000 .0004 - - - - - - - -
-

0.0 0+0. 1 •.004.400 
-0.

0 0.000-.00000

0 C i 0.000 0.000 -0.000

-0---- ---- -9.-- - -0 It o.000 1-.4000 .0.00
0 0.0 2000 400.00000.0

4u a 00Y00 24 ..
00 0.00:.0

070 0 01* "la 013 030 .00000..0

2 0 10,00 0 .00 0.00 *.00 000 0

0 i. .00 0. 1. o.00 0".. 0.00 0

to 1 20.40 0 .00 0.00 0.00 0.00 10...

**0 2-.00 0.00 0.00 0 00 10.00*

2.0 OrýlS OLAO.0+ S-V •7 6 -0 .00. Z4. 1002 100 L VP

....0 ....8.8........ ... . ...........



Narrowly Spaced Element Analysis
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Narrowey Spaced Element Anaiysis
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Steel Open-Web Joist Design

S Start

Review Depth Limits
& Deflection Limits I

y.......... -.............. . . . ....................... ..

Review CalcuL n Use Scratch Pad To

&Seiew ctions > Explore Span. Spaang.& Selectons, And Loading Alternatives

Select Member

Y
Print Spreadsheet]

Return To Preliminary

Select Member

;0Send Member Size
To CASM

Print Spreadsheet

SReturn To CASM

Y i---• .................. - ..... ....................Do b e C i k O

FResoeCAS7 > Double Click OnRetr C- CASM Icon I

Cancel Selected
Element

S End
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Steel Open-Web Joist Design

Barjoist Selection

STEEL BAR JOIST PRELIMINARY SELECTION
Project: Office Building - Scheme B Date: Feb 26, 1992

Location: Radford AAP I Engr:

CASM Load & Analysis Data:
Method: Analysis Load Combination: D + S

Member ID: Factored Moment (ft-lb) Factored Reaction
Connaction: Hinge (Left) LoadType Left Mid Right Left lb) RIght(lb)

Roller (Right) Dead 1.750 1941 1941
,3Jpal. 36.0 ft Sup Dead 29,743 3,305 3,305

Spacing: 48.0 in Live
Depth Limit= 36.0 in. max Lmin Roof

Fy- 36.0 ksi Snow 36,825 3,969 4,106
Fb= 24.0 ksi Wind
E = 29,000 ksi Summary 68,318 7.468 7,605

Live Defi- L/360= 1.20 In Moment: (EUL) Reaction: (EUL)
Total Def,= IJ240= 1.80 in TotalLd 422 plfi Totai Ld: 422 pif

Live Ldmj 227 plf Live Ld-I 228 plf

CASM Joist Selection Table: (joist ca acitles)

Spacing Total Li- 4 M1max Rmax Live Ld TotalLd d Joist Weight
Joist Size (in) Ld(plf) Ld(ljf) (ftlb) (Ib) Defi(in) 1 Defi(in) (psf) (pif)

28K9 48.0 442 332 71,604 7,956 0.83 1.53 3.3 13.0
24K10 48.0 447 283 72,414 8,046 0.96 1.79 3.3 13.1
30K8 48.0 4361 353 70,632 7,848 0.78 1.45 3.3 13.2
30K9 48.0 475 3831 76,950 8,550 0.72 1.33 3.4 13.4

CASM Bar Joist Selection:
Joist Size: 28K9 [ Span: 36.0 ft I Spacing: 48 in iTotal Ld: 442 pIft ive Ld: 332 pIt

Wttons): 0.231 Mmax: 71,6041 Rmax: 7,9561 TL deft: 1.53 In LL defi: 0.83 In

NOTES:
1. Bar joist selections based on 1988 SJI Load Tables.

Edit spreadsheet stajstk.xls to revise selection table.
2. Approximate moment of inertia of the joist in inchesA4 Is:

Ij - 26.767 (WLL) (LA3) (10A-6), where WLL - Live Load value in table;
where L = Span - 0.33 in feet
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Widely Spaced Element Analysis: Beam

Start

Use Loads & Design
Tool Palette

Select Second Floor/
Lower Root Horizontal

Structural Plane I

L I
Materal Steel_

Loa..1 Combination Use Load
D + L Combination

Set Factors

Dead: 1.0
Live: 1.0

OK Button To Close
Dialog Window

Highlight D+L
In Ust J

Select Element To Linear Widely Spaced
Analyze & Design Composite Beam/SlabI

Select A Widely Spaced
Element In Bay A3-B4 4I . ..

Review Element I r...._ --_

Attributes & Guidelines

V
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Widely Spaced Element Analysis: Beam

Preliminary Analysis j Use Pretiminary,
- IIII

V

Analysis

Units: Feet & Kips
E Use Actual Properties
[ DL=Deck+ Self Weight

___ V

Connectivity

Left: Hinge
Right: Roller

Self Weight Guidelines

Find Estimate For 24'
Span. 1.31 klf & 8 o.c.

Close Sell Weiaht
'Guidelines Dialog Window

I•] Self Weight

Estimated Self Weight: 30 plf
Update Area Structure Loads
Add Self Weight

Analysis !¢iM

Analysis File Name: Optional

Yes. The Loads & Connectivity Z

Are Correct

View Shear. Moment &
Deflection Diagrams - ,•

Excel Data -
00 Execute Excel •ttt .
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Widetv Soacea Element Analysis: Beam

'.00Dead(kif) - -- -

3.20

..30 Suoerimoosed Qead (kNf) 12-

1.20

.00 _ive (,"7". 7

÷ _- - -- 24.0

20.2

Shear ()

121.4 -20.2

moment (041)
0.0 0.0

S69

Deflection 74 4 7
20.23 20,23

"otal Combined Load
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Composite Steel Beam Design

Review Depth Limits,
Deflection Limits &

Steel Strength

Review Beam Configuraton.
Concrete Properties.

Deck Rib Dimensions &
Stud Dimensions

Review Calculations U a PadTo S> Explore Span. Spacing.
& SlAnd Loading Alternatives

Select Member

Prii

i . . ... ... ... .Y ... ... ... .. .. ....

.Print Fprcadsheet

I ~Return To Preliminary,

Select Member

E3 Send Member Size
To CASM

SPrintSpreadsheet

Return To CASM

Restre CSM > Double Click On
CASM Icon

Cancel Selected
Element
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Cýomposite Steel Beam Design
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__omoosite Steel Beam Oesign

Preliminary Selection

STEEL COMPOSITE BEAM PRELIMINARY SELECTION

Project: Office Building -Scheme B Date: Feb 26, 1992
Location: Radford AAP Eng r:

CASM Load & Analysis Data:
Method: Analysis Load Combination: D + L

Member ID: IFactored Moments (k-ft) Fact. Reactions
Connectivity: Hinge (Left) Load Type ELeft Mid Right Left(k) Right(k)

Roller (Right) Dead 26.4 4.4 4.4
Beam Span: 24.0 ft Sup Dead 8.6 1.4 1.4
Trib Width= 8.0 ft Live 86.4' 14.4 14.4

Depth Umit= 36.0 in. max Lmin Roof
Fy= 36.0 ksi Snow

Fb=Fy*0.66= 24.0 ksi Wind
Fy * 0.89= 32.0 ksi Summary 121.41 1 20.21 20.2

Fv= 14.4 ksi
Es= 29,000 ksi Beam Composite Properties:

IDef!ect!on Llmrts: fc= 4.0 ksi Rib Spacing= 6.00 in
Ttve Load= 14360 =0.80 in .45fc= 1.8 ksi Rib Width= 2.50 in

Total Load= L.240 =1.20 in Wc= 145 pc -%;b ; 4eight= 2.00 in
Ltwt conc coef= 1.0 Studs;, b= .

Reqd Section Properties: Ec= 3,644 ksi Stud Diameter= 0.75 in
Ss(req)= 23 inA3 n= 8.0 Stud Length= 3.5 in
Str(req)= 61 in^A3 Slab ts= 4.00 in Reduct. Factor= 0.80

Composite percent= 100 % Slab bE= 70.5 in Shear Cap= 10.6 kips

CASM Beam Selection Table:

Ss Dead Ld Seff Conc Steel leff L + SD # of Min %
Beam Size inA3 Defl(in) inA3 fc (psi) fs (psi) inA4 Defl(in) Studs Comp.
W 16 x 26 38.4 -0.31 60.8 0.66 23.98 934 -0.36 28 99
W 14 x 30 42.0 -0.32 64.9 0.70 22.46 878 -0.39 32 67
W10 x 39 42.1 -0.45 67.2 0.89 21.67 661 -0.51 40 55
W 8 x 48 43.3 -0.51 72.9 0.99 19.99 607 -0.56 48 40

W 12 x 35 45.6 -0.33 70.1 0.74 20.78 848 -0.40 36 40

CASM Steel Beam Selection: Live Ld Total
I W 16 x26 ) Span= 24.0 ff ý;eff/in31= 60.8 ýeff (in4)= 934 Oefl~in)= -0.36 -0.68
Shores Reqd: _No INstuds= 28 (full) FPartiah: (100 %) Nstuds= 28 fv= 5.2ksi

1Beam Wgt= 0.31 tons

Notes:

1. Steel beam properties and composite beam properties basea on ASD - AISC
Steel Construction Manual, 9th edition.

2. Dead load shear and moment are not modified with changes in slab depth.
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Widely Spaced Element Analysis: Girder

S Start

Use Loads & Design
Tool Palette i

Select Second Floor/I
Lower Roof Hor.zontal

Structural Plane

Matenial Steel

Load Combination Use Load I
D+L Combination

Sat Facturs

Dead: 1.0
Live: 1.0

S Add

OK Buton To Close
Dialog Window j

Highlight D+L
In List I

Select Element To Linear Widely Spaced
Anal~yze Design Composite Beam/Slab

Select Widely Spacede
Element A3-83 4

Review Element
Attributes & Guidelines
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Widely Spaced Element Analysis: Girder

Preliminary Analysis - Use Preliminary

Analysis

Units- Feet & Kips
E Use Actual Properties
EJ DL=Deck+Self Weight

Connectivity

Left: Hinge
Right: Roller

Y

ZsIf Weight

Estimated Sell W'eight: 68 pIf
C3 jr-oate Area Struc',lre Loads
LI 3Add Sell Wegh

A .. ai.e.is A _.......... ...

Analys!s Fihe .Nar,,P: Optiona! j
",',s. Tho Loads & Conne,,ivi•. I

Ar- C.orr. *

View Shear, Moment& 1 tl •
Deflection Diagrams _____i

Excel Data I "
(r• Execute ExcelkII II II II

End
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Nidelv Spacea Element Analysis: Girder

2-0 78 '13

"•O eaod i Kif) 707

25,~35I

0 0 SuDenrnIOsel Oe D (0if) "/ 1/

2400
19 1120 i6 80

720 '

'.00 Live (kit) '__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

.31

Shear (k)

29.1-33.9

Moament (kft)
00 00

.471 25,66

Oef!ectio n ____ ------_ 0.0 7 0 .0 7 0 07

31.34 3391

,tot Comtkned Lood
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Composite Steel Beam Design

Review Depth Limits.Deflection Imits &

Steel Strength

Review Beam Configuration.
Concrete Properties.

Deck Rib Dimensions &
Stud Dimensions

Review Calaulations I Use Scratch Pad To& Selections > Explore Span. Spacing.
And Loading Alternatives

Select Member

SPrin Spheasheet

Return To Preliminary

Select Member

L Send Member Size
To CASM

SPrint Spreadsheet

Return To CASM

,Double Click On

Cancel Selected j
Element

End
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Composite Steel Beam Design
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Composite Steel Beam Oesin

Preliminary Selection

STEEL COMPOSITE BEAM PRELIMINARY SELECTION
Project: Office Bulildin - Scheme B Date: Feb 26, 1992

Location: Radfordi AAP Engr::

CASM Load & Analysis Data:
Method: Analysis Load Combination: D + L

Member ID: Factored Moments (k-ft) Fact. Reactions
Connectivity: Hinge (Left) Load Type Left Mid Right Left(k) Right(k)

Roller (Right) Dead 68.8 8.1 8.9
Beam Span: 24.0 ft Sup Dead 21.1 2.4 2.6
Tdb Width= 24.0 ft Live 179.2 20.8 22.4

Depth Umit= 36.0 in. max Lmin Roof
Fy= 36.0 ksi Snow

Fb=Fy*0.66= 24.0 ksi Wind,
Fy * 0.89= 32.0 ksi Summary 269.11 31.3 33.9

Fv= 14.4 ksi
Es= 29,000 ksi Girder Composite Properties:

Deflection Limits: f'c= 4.0 ksi Rib Spacing= 6.00 in
Live Load= L/360 --0.80 in .45fc= 1.8 ksi Rib Width.." ?.50 in

Total Load= L/240 =1.20 in Wc--- 145 pcf Rib Height= 2.00 In
Ltwt conc coef= 1.0 Studs/rib= 1

Reqd Section Properties: Ec= 3,644 ksi Stud Diameter= 0.75 In
Ss(req)= 57 in^3 n= 8.0 Stud Length= 3.5 in
Str(req)= 135 inA3 Slab ts= 4.00 in Reduct. Factor= 0.56

Composite percent= 100 % Slab bE= 70.5 in Shear Cap= _ 7.5 kips

CASM Beam Selection Table:
Ss Dead Ld Seff Conc Steel leff Li+SD #of Min%

Beam Size inA3 Deftl(in) inA3 fc (psi) fs (psi) inA4 Deft(in) Studs Comp.
W 21 x 50 94.5 -0.25 141.0 0.68 22.91 2,661 -0.27 72 74
W 12 x 72 97.4 -0.41 141.0 0.99 22.90 1,569 -0.45 94 73
W 18 x 55 98.3 -0.27 142.3 0.73 22-69 2,337 -0.30 78 68
W 10 x 88 98.5 -0.45 151.5 1.09 21.31 1,456 -0.48 94 46
W14x68 103.0 -0.34 147.0 0.88 21.96 1,860 -0.38 94 51

CASM Steel Beam Selection: Uve Ld Total
S21 x 50 Span= 24.0 ft eff in3)= 141.0 ff (in4)= 2,661 Oefl(in)= -0.27 -0.51

Shores Reqd: No 1Nstuds= 72 (full) IPartial: (100 %) Nstuds= 72 I fv= 4.3ksi
IBeam Wgt= 0.60 tons

Notes:
1. Steel beam properties and composite beam properties based on ASD - AISC

Steel Construction Manual, 9th edition.
2. Dead load shear and moment are not modified with changes in slab depth.
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Column Load Run Down

S Start

Use Loads & Design
Tool Palette

Material Steel

C ii

Load Combination Use Load i
D+L+S Combination

De;ad:', 0

Live: 1.0
Snow: 1.0

I Add' I I

OK Button To Close

Dialog Window

Highlight D+L+SIn Ust

Live Load Occupancy (LL)
Reduction Apply Live Load Reduction

Select Element To Column Roiled
lnlz& .ein Section J

Select Column 03 V

Review Element 1
Attributes & Guidelines
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Column Load Run Down

Preliminary Analysis - Use PreliminaryS- m I ...

Analysis

Units: Feet& Kips
C3 Use Actual Properties

I3 DL=Deck÷Self Weight

Live Load Reduction

[ Occupancy Is Public
Assembly Or Garage

File Name: Llrout.txt

Self Weight J
Estimated Self Weight: 36 plf

/' VL View Column Load -

Excel Data

SExecute Excel

[-View Calculations Print Data

After Design [ Live Load Reduction
' All Other

[ Print To File
[ Execute Notepad

I

Page Setup

Left Margin: 05 in

Right Margin. 0.0 in

SPrintFile

F-
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Column Load Run Down

-Y

Live Load Occu pancy (LL)
Reduction Z Apply Live Load Reduction

1End



Column Load Run Down
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Column Load Run Down

Trhbutry Self -L .j I . Xm DILSm LP SVM S S~m [L
Alen wetqrn

J0per Roof 276.0 Q. C.0 A4 4 .7

'4.0 0.5 B.0 110 '4.4 23.2

Second F /Lwer 5760 35.0 37.8 0.0 72.8

'4.0 40.5 44 37.8 t4,4 95.5

Column 8-3 Load Run Oown (k)
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Column Load Run Down

Project 0ffice Euildina - £.neme
Location : ad.ord AA'

Design Load : TM 5-809-1 1991
%Ime : Sun Jan -76, 13• :_1 ýM

"" Lie Loaa Reo uct zn°

-econd FLýor, Lower Por
-ffice: 3•fices Lo) tsr

T..butarv area TA) s.
Area of influence (Ai) = 4*TA for columns.

Ai l 2304.0 sf
Ai >= 400.0 af
'o <= 100.0 pir

L Lo*(0.25+15/sqrt(A±)J
28.1 psf

Member supports only one floor.
L>= 0,5*Lo

.5*Lo = 25.0 psf

28.13 psa

S.................. duction

'econd FloorLo,,ef ict

office: '--rridcr !,Ain, ýLo) "0.0 Dof
Tributary area rA) : 7c.0 sf
Area of influeice IAl) - 4*TA for columns.
Ai = 2304.0 sf

Ai >- 400.0 3f

S .. 1c,.0 pst
- 1.c0 0.S5.5/sqlrt(Ai)•

L- 50.3 pst

Member supports -. -"z.
L >- 0.5*Lo
0.5*Lo - 50.0 psf

L L = 56.25 psf I

S......................Live Load Reduction

Second Floor/Lower Roof
office: Files & Storage (Lo) 150.0 psf
Tributary area (TA) : 576.0 sf

Area of influence (Ai) - 4*TA for columns.
Ai - 2304.0 if
Ai >- 400.0 sf
Lo > 100.0 paf
Member supports only one floor.

No live load reduction taken.

L - Lo

L - 150.00 psf i
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Steel Column Design

Review Shape/
Strength, K Value

& Size Limit

Review Load &

Analysis Data

Review Selections
For Level 1

Select Member

C0 Send Member Size
To CASM

eeS n Use Scratci Pad To
Review Selections • Z Explore Length. K-Value.

Fore L-ava,•2 I And Loading Alternative,%.. ... ..-......... .. .... ..
Select Member

S.......... . - I....... ..¥ ................... .

S -e -lec MeberPrint Spreadsheet

Send Member Size Y.
To CASM Return To Preliminary

Print Spreadsheet

FReturn To CASM

Restore CASM > Double Click OnII' "e'=e•M I' O°°bCASM ° ! Ic o nM=

Cancel Selected i

Colm

End j
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Steel Column Design
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Steel Column Design

Steel Column Preliminary Selection

STEEL COLUMN PRELIMINARY SELECTION
Project: Office Building SchemeB 8 Date: Feb 26, 1992

CASM Load & Analysis Data:
Method: Analysis Load Combination: D + L + S Steel Fy= 36.0 ksi

Member ID: B-3 Size Limit= 16.0 in. max E= 29000 ksi
Fir to Trib Floor Level Load Totals (kips) Load

Name Level Fir Ht Area Dead Live Lmin Snow Wind Totals
6
5
4
3

Upper Roof 2 14.0 576 8.8 14.4 23.2
Second Floor/L 1 14.0 576 44.3 37.8 14.4 1 96.5
CASM Column Selection Table

Level: 2 Preq: 23.2 kips K-value: 1.0 Uc= 126.1
Col Shape: W Length: 14.0 ft ki: 14.0 -

Depth Width Area ry kV.r Fa fa P.;hv tAW':gh

Column Size d(in) bf(in) (sq in) (in) (ksi) (ksi) (kip) (ton)
W 6 x 15 5.99 5.99 4.43 1.46 11-5.07 10.98 5.24 48.6 0.11
W 5 x 16 5.01 5.00 4.68 1.27 132.28 8.45 4.96 39.6 0.11
W 8 x 18 8.14 5.25 5.26 1.23 136.59 7.78 4.41 40.9 0.13
W5x 19 5.15 5.03 5.54 1.28 131.25 8.61 4.19 47.7 0.13
W8x28 8.06 6.54 8.25 1.62 103.70 12.50 2.81 103.2 0.20

CASM Steel Column Selection
Depth Width Area ry kl/r Fa Pallow Weight

Column Size Level d(in) bf(in) (sq in) (in) (ksi) (kip) (ton)

W 8 x 28 2 8.06 6.54 8.25 1.62 103.70 12.50 103.2 0.20
W 8 x 28 1 8.06 6.54 8.25 1.62 103.70 12.50 103.2 0.20

Total Column Weight: 0.20
Notes:
1. Steel column properties from ASD - AISC Steel Construction Manual, 9th edition
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Lateral Resistance Philosophy

Step~S Reuired

1. Create buiding volume

2. Define a structural grid

3. Layout sructural framing on ALL levels

4. Assign gravity load on ALL levels
Calculats wind and/or seismic loads

5. Select a load combination Inckuidng wind or seismic loads

S. Define N-S & E-W vertical reeitance system

Options: mon wit men avn

1 . Unbraced Frames o

k. 9rojed Frames

><-1~i
B. Shter Waft

7. Define hizorntl diaphragm systems

All flxble
All rigid
Floors rigid & root flexible
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Lateral Resistance Philosophy

Fleidble Dimnhracam12s

P* No Torsion

Continuous Beam Model

.5i P

symmot.25 P

C.R., C.M.P4e
R-4 Torsio
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Lateral Resistance Philosophy

Monolithic Pemendicular Shear Wall

N

For N-8 I- or

For E-W or ______________,___

at
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Define Lateral Resistance

Start

Use Draw Structure
Tool Palette

Select Second Floor/i
Lower Roof Horizontal

Structural Plane

Define Second Floodi
Lower Roof Diaphragm Guidlines

Diaphragm Type

Lateral Horizontal
Rigid Diaphragm

Define N-S Lateral Vertical Define
i~De i IIIH I .I

Resistance DeieLocation Lcto

Select Beam On
Grid __ne A

Define Bracing Vertical Define
, & Connectivity Elements

S Select NS-1 , • ..

1 ~ NS-I

Define X-Br]

" Select Bays NS-2

Double Click Right
Mouse Key To End .

NS-3

Repeat For Grid Close Lateral
Lines C & D Resistance Dialog

1Window
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Define Lateral Resistance

Define E-W Lateral DefineLoaio Vertical Define
Resistance Location

Select Beam On J
.... o aGrid Line 1_ . .

Define BrcigVertical Define ~
Connectivity ? Elements

Select EW-1

Define X-Fracing

Select B;J

flo'shi: Click Right tI

Mouse Key ToEr• d

Close Lateral
Resistance Dialog

Window
Repeat For Grid

S Line 4 I

Define Upper Roof Select Upper Roof
SDiaphragm Type Hrzna

Structural Plane

Lateral Horizontal

Flexible Diaphragm

Display Lateral Show Structure
Resistance Locations , NS Lateral Resistance

-_ FI E Lateral Resistance

S End
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Define Lateral Resistance

A B ( 0
2 0 24.0 3

24.03 N1 16 .0,,

al 3 3 z

24.0

24.0 N)3 trs N%2 - N3

3

24.0

Rigid Diaphorgm ¶

Second Floor/Lower RoofT

24.0 24.0- 24.0----

Flexible . 0

14.0

- " -- 00

NS-1
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Define Lateral Resistance

"•', _ ••24.0 ' -1.'•iO•_.- 4 0' . _.-

,,a r~ýiexioie.2 O

"3 0

40
14-0

NS-2

ý2 34
24.0 24.0 24.0

SI J

NS-3

24.0 C24.0 - 36,0

_________________ lexible_

EW-1 & EW-2
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Wind Lateral Analysis
start

Use Loads & Design
Tool Paletm

Load Combination Use Load
D + W Combination

Set Factors

Dead: 1.0
Wind: 1.0

Add

OK Button To Close
i;alog Window

L Highlight D+W j
In List

Define Member Solect Second Floor/
Properties Lower Roof Horizontal

Structural Plane

Beam Properties Us MdfyDsign

Select Beam On
NS-1

Design

Material, Steel
Description: W 14 x 34
Weight: 34.0 ptf
Modtilus Of E!asticity: 29000 ksi
Moment Of Inertia: 340.0 in4
Cross Sectional Area 105 in2
Number Of Shear Studs 50
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Wind Lateral Analysis

Define Properties Beam Properties IUse Copy Deig
- I E __I

Select Beam Withi
Propertes

Select All Other Beams
Used For NS-1. NS-2.

NS-3. EW-1. EW-2

Double Click Right
Mouse Key To End
Copying Designs

C0lurr, n Properties Use Modify Design

i~in

Select Column On
NS-1

Design

Material: Steel
Descnption: W 8 x 35
Weight: 35.0 plf
Modulus Of Elasticity: 29000 ksi
Moment Of Inertia: 127.0 in4
Cross Sectional Area: 10.3 in2
Number Of Shear Studs: 0

Use Copy Design I

Select Column With
Propers

Select All Other Columns
Used For NS-1. NS-2,

NS-3. EW-1 - EW-2

.Y

Double Click Right
Mouse Key To End
Copying Designs

,

132



Wind Lateral Analysis

Define Pro Select Upper
Roof Horizontal
Structural Plane

Beam Properties | IUse MoiyDesign

Select Beam On
NS-1

Design

* M:tcnah: Steel
Description: W 12 x 22
Weight: 22.0 plf
Modulus Of Elasticity 29000 ksi
Moment Of Inertia. 1560 in4
Cross Sectional Area: 6.48 in2
Number Of Shaar Studs: 0

L Use CP ein
'I

Select Beam With I
Properdes

Select All Other Beams
Used For NS-1. NS-2.

EW-1, EW-2

Double Click Right
Mouse Key To End
Copying Designs

ColurnnProperlpes • Us adf Dsgn,,,,, ,

Select Column On
NS-1
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Wind Lateral Analysis

Define Pro erties Column Properties

Design

Material: Steel
Description: W 8 x 35
Weight: 35.0 plf
Modulus Of Elasticity 29000 ksi
Moment Of Inertia: 127-0 in4
Cross Sectional Area: 10.3 in2
Number Of Shear Studs: 0

v

Use Cooy Designi

VI

Select Cclumn WithSPropertes

Select All C ther Columr.!.
Used For NS-1, NS-2.

EW-1, EW-2

Double Click Right f
Mouse Key To End
Coing Desins

Select Second Floor/
X-Bracing Properties Lower Roof Horizontal

Structural Plane

Use Lateral _•

Resistance Design

Analysis

Units: Feet & Kips

0 Use Actual Properties
12 DL=Deck+Self Weight
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Wind Lateral Analysis

A

Define Properes X-Braang Properes Conneclvt

L ,,,, 0 Hinge

Repeat For All
Supports /

Lateral Resistance
Verify X-Braang

ModifyPropertes

Design

1- *..x po.0
_________________ Material: Ste*!

Description TS 3x3xl1 4
WAR Weight 8.81 plfS..... Modulus Of Elasticity. ?-90O ksi"Moment Of Inertia: 3.16 it.4

S MCross Sectional Area: 2.5g 1n2

No. To Stop

Analysis !
SRepeat For NS-2.

NS-3. EW-1. EW-2

s Resistance Design

I~-I

S~Select NS- 1

Analysis

Units: Feet & Kips
Use Actual Properties

El DL=Deck÷Self Weight

VY
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Wind Lateral Analysis

Laeral Analysi I Connectivity L

Repeat For All
Supports -

Lateral Resistance . ..
Verify X-Bracirig_ _ _ _ _ _.. .... ~ - i

Yes. Properties -- -Are All Correct M

Wind Load Options

Wind Direction: South
When 2 Wind Loads: Max. Suction
Wind Load: GCpi = 0

Fl=xib;.e Diaphragm

i Sim; le Beam Model

Analysisons

Analysis File Name: Optional

feg. The Loads & Connectivity

Are Correct

View Shear, Moment, Deflection _
& Reaction Diagrams -

View Output Print Data

I Rigid Diaphragm
C3 All Other

Print To File
Execute Notepad
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Wind Lateral Analysis

S view output Scroll Output 1

Y

Page Setup

Left Margin: 05 in
Right Margin: 00 in

Print File

Exit Notepad

End
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Wind Lateral Analysis
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Wind Lateral Analysis

' a , 2 4 A •i2

_ I I 1

w1i~ 
2 w .0•

14. 
0

2 4 .0 2 4 .0- - -- - - , i g4.04 .

140

1.00 Wind (-r) -- N--- -- F. 36.
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Wind Lateral Analysis

K /2 3 4/

24.0 24.0

22.76 2ý76

2 124.0

21 A7 1., 12 > 10.25.72-8 -__] L i ,- ijqj - - .

14.0

- -" - - -

1.00 Superimposed Dead (kit)

1 2 . 3 'L•
24.0 - C 0.0_24.0 24-0 ------

D. 6 0.-o

0.02 0.02 0.02 .exble: _Wype

D..0 Dea d(klD.)

0.910.940.;0 0~ 05
0.D05 0.03 0.0 - 44.0

0. 9 0.9 D.

1.00 Dead (klf)
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Wind Lateral Analysis

1. 18o . 2c 10C - 8C

17C I5C

3.3 34.fot, 4. - K, 40, 4

40.52C 54.A7C 45.02C 40.3C;

Total Combined Load -- Axial (k)

D.45 0.22 0,45 0.22 ).45 122
"..22 0 45" . 0.22 -1.45 0.22 0.45

15,62 12:71 15,62

t, 15I, . 2:77 '15ir>2

Total Combined Load -- Shear (k)

2.01 2.68 2.01 2.01 2.58 2.01 2.01 2.68 2.01

70.30 93.3 70.30 .57.i" 76.23 57.18 70.30 . 0 30

total Combined Load -- Moment (kWft

141



Wind Laterai Analysis

Total Commied Load -- De-fiectiot

1.65 2.76 2.76 1.65

0.40.04 r. ~

0I9 19.
12 ~2 1.0

130'21.30

4.4.3 2

0.9 0.9I 191)

2.77 69

40.32 33.15 49.07 40.63

Total Combined Load -- Loads &Reactions (k)
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Wind Late. al Analysis

Proiect •Office Building - Scheme 8

Location Padford AAP
Time : Sun Jan 26, 1992 6:10 PM

....** ***** Rigid Horizontal Diaphracm Calculations..,.*.........o

Center of Rigidity

Name h I Av Deflection Rigidity R/ x R*x
(ft) (ft^4) (ft^2) (in) sum[R) (ft)

NS-I 14.0 0 0 0.003 305.434 35.92% ".8 254.528

Ns-2 14.0 0 0 0.003 308.740 36.31% 48.8 15076.803
uS-3 14.0 0 0 0.004 236.080 27.77% 94.8 20027.483

sum 850.254 35358.814

Centroid from lower left = sum(R*X)/sum(R) : 41.59 ft
Center of mass from lower left 4n.73 ft

Eccentricity (e) . 1.85 ft

Maximum dimension 8 S5.67 ft
e min = 0.05*max. dimension 4 1.28 ft

Eccentricity (e) used for torsional analysis : 4.28 ft

Name h I Av Deflection Rigidity R/ X R*x
(ft) (ft^4) (ft^2) (in) sBUM(R) ?ft)

EW-1 14.0 0 0 " 093 108.740 50.00% 72.P 22486.563

EW-2 14.0 0 0 0.003 308.740 50.00% (.8 257.283

Sum 617.480 2274ý.$1

Centroid from lower left - sum(R*x)/sumfR) : 36.83 ft

Center of mass from lower left 36.83 ft
Eccentricity (e) . 0.00 ft
Maximum dimension . 73.67 ft
e min - 0.05*msx. dimension : 3.68 ft
Eccentricity (e) used for torsional analysis : 3.68 ft

Assumptions used:

Deflections calculated by applying a 1 kip load.

Name h Rigidity dx R*di R-dx-dx R*dx/
(ft) (ft) sum(R*dx*dx)

NS-I 14.0 305.434 40.8 12447.299 507262.624 0.00705
NS-2 14.0 308.740 7.2 2237.491 16215.477 0.00127
NS-3 14.0 236.080 43.2 10209.807 441545.249 0.00570
EW-1 14.0 308.740 36.0 11114.640 400127.035 0.00630

EW-2 14.0 308.740 36.0 11114.640 400127.035 0.00630

Sum 1765277.419

Shear distribution Fv - V*R/sum(R)
Torsional moment : Mt = v*e
Torsional component Ft = Mt*R*dx/sumiR*dx*dx)
Total shear to element: Ftotal = Fv + Ft
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Seismic Loads
,, Stant L

Use Loads & Design
Tool Palette

I Load Combination Use LoadSD E Combination

Set Factors

Dead: 1.0

Seismic: 1.0

OK Button To Close
Dialog Window

Highlight D+E

Calculate evw Criteria Sel
Lod >1 Resisting System As B.4.a

View Spectral Spectral Plots

Plots <I CtV0.020 For All Other
Buildings

View Base Shear_________ ... - ...
Spectrum (ZC)

Print Screen

View Design Base -....
Shear Coefficient

Spectrum (ZCIRw) _____.. ..
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Seismic Loads

.y y y

Calculate Seismic View Soectral Prn Sren
Loads Plot

Close Spectral Plots
Dialog Window

Calculate

Review Plan
Structural Irregularities

Reiew. VerticaJ
Structural Irre~,ularities

° i
< Ct=O 020 -'r All OtherBuiiding .

Estimated Self Weight: 30 plf

Column Self Weight

Estimated Self Weight: 36 plf

Center Of Mass
File Name: Centmass.txt

Seismic

Yes. All The Loads Have Been
Applied To The Structure

And The Correct Load
Combination Selected

View Output Print Data

[ Seismic
, Center Of Mass
[ All Other
[ Print To File
SExecute Notepad
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Seismic Loads

, View Outut Scroll Output

Page Setup

Left Margin: 0 5 in
Right Margin: 0.0 in

Print File

ExiotePad
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Seismic Loads
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Seismic Loads

Project : office Building - Scheme B

Location : Radford AAP
Seismic Code: TM 5-809-10 1991
Time : Sun Jan 26, 1992 6:09 PM

.******** ***** Seismic Analysis . *.......

3. upper Roof 188.0 k

2. Second FlooriLower Roof 670.3 k

Total Building Weight (W) 858.4 k

..... * N - S and E - ........

Zone: 2A: Z - 0.150

Importance Category: IV: I = 1.00
Soil Factor: S3: S - 1.5

System: B4a: Rw- 8

Ct - 0.020

hn - 28.0 ft

T = Ct*hn^3/4 = 0.24 sec

C = 1.25*S/T^2/3 - 4.86 > 2.75

= 2.75

- 0.344 > 0.075

N b%8.4 k

V = Z*.*C*W/Rw

---------------- 4--

V - 44.3 k I
-------------------

-------------------

Ft~tC

4------------------

I V-Ft - 44.3 k I
4------------------

Floor to w'h/ sum(F)

Level h Floor h w sum(w) w*h sum(w'h) r V

(ft) (ft) (k) (k) (kft) (k) (k)

Ft - 0.0

3 28.0 188 5264 0.359 15.9

14.0 188 15.9

2 14.0 670 9385 0.641 28.4
14.0 858 44.3

1 0.0

Sum 858 14649 1.000 44.3

Floor to sum(F) Vt+sum (F)/
Level h Floor h w sum(w) V OTM szum(OTM) sum(w)

(ft) (ft) (k) (k) (k) (kft) (kft)

3 28.0 188

14.0 188 15.9 223 0.085
2 14.0 670 223

14.0 858 44.3 620 0.052

1 ()0 842

Sum 858 842
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Seismic Loads

Project :ffice Building - Scheme a
Location Radford AAP
Time Sun Jan 26, 1992 6:09 PM

********* ******** Center Of Mass ...................... ......

Upper Roof -- 28.00 ft

Name Weight NS NS'Weight 7W EW-Weight

(k) (ft) (kft) rft) (kft)

Exterior Wall 36.9 36.8 2358.9 '.a 30.7
Exterior Wall 24.6 3.8 20.5 24.8 610.8
Exterior Wall 36.9 36.8 1358.9 48.8 1801.6
Exterior Wall 24.6 72.8 1791.4 24.8 610.8
Upper Roof 49.8 36.8 1833.1 24.8 1235.9
Beam Self Weight 12.2 36.8 450.8 24.8 304.0
Column Self Weight 3.0 36.8 111.4 24.8 75.1

Sum 188.0 6924.9 4668.A

N-S Center of Mass: 36.83 ft
T-W 'enter Of Mass: 24.83 ft

Second Floor/Lower Roof -- 14.00 ft

Name Weight NS NS*Weight EW EW-Weigqt
(k) (ft) (kft) (ft) (kf-t)

Second Floor 70.0 12.8 098.1 24.8 1737.9
Second Floor 58.3 36.8 2148.1 Z8.8 i6,• 6
5eccid Floor 70.0 60.8 4257.4 24.8 1737.5
Lower Roof 126.0 36.8 4639.9 66.8 8419.1
Exterior Wall 73.8 36.8 2717.8 0.8 61.5
Exterior Wall 24.6 0.8 20.5 24.8 610.8
Exterior wall 36.9 36.8 1358.9 48.8 1801.6
Exterior Wall 24.6 72.8 1791.4 24.8 610.8
Parapet 9.9 0.8 8.3 66.8 662.1
Parapet 19.8 36.8 729.8 84.8 !680.9
Parapet 9.9 72.8 721.6 66.8 662.1
Beam Self Weight 16.6 36.8 610.0 36.2 599.9
Column Self Weight 4.0 36.8 148.5 36.2 146.1
Exterior Wall 43.0 0.8 35.9 42.8 1843.6
Exterior Wall 36.9 36.8 1358.9 84.8 3129.7
Exterior Wall 43.0 72.8 3134.9 42.8 1843.6
Column Self Weight 3.0 36.8 111.4 24.8 75.1

Sum 670.3 24691.2 27304.4

N-S Center Of Mass: 36.83 ft
E-W Center Of Mass: 40.73 ft
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Seismic Lateral Anaivsis

Use Loads & Design
Tool Pajette

Load Combination Use Load

D + E Combination

Set Factors

Dead: 1.0
Seismic: 1 0

OK Si'tte-i Tn Close
Dialog Wint jaw
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In List

Define Member See Wind LateralT
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Lower Roof Horizontal

Structural Plane

LaKeral Analys Use Lateral
Resistance Design

Select NS.1-IV

Analysis

Unitsb Feet & Kips

[ Use Actual Properties
Li DL=Deck+Self Weight

1V
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Seismic Lateral Analysis

Define Properties Connectivity

Hinge

Repeat For All
Supports

Lateral Resistance "_....
Verify X-8racing

Locations - < ,

Yes. Properties I
Are All Correct1

I Flexible Diaphragm
t ) i leBeam Model 1- 1............

Rigid Horizontal Diaphraejrm
Calcutations

ie Name! Rigidout.txt

, d jJView Loads**.

Seismic Lateral Resistance
Locations

File Name: Latseis.txt

Analysis
Analysis File Name: Optional

Yes. The Loads & Connectivity
Are Correct

View Shear, Moment. Deflection

& Reaction Diagrams

View Output > Print Data

| Seismic Resistance
E] Rigid Diaphragm
E3 All Other

Print To File
Execute Notepad
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Seismic Lateral Analysis

, ViewJOutput Scrol Output

Page Setup

Left Margin: 0.5 in
Right Margin: 0.0 in

Print File

Exit Notepad

V
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Seismic Lateral Analysis
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Seismic Lateral Analysis

24.. -240

4.0

i4.0

-. O -es i -t -- N-- -- -. - - - - -
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T 14.0
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Seismic Lateral Analysis

24. 24.0 2.0

ý82.6 2. ;76 1.fta

U.6 0.06 0. 06 ~ exole,~~

r7 -14.0

14.0

1.00 Supenimpoged Dead (kif)

C2 34
24.0 24.0 2.

6 0.16

D.02 0.02 0.02 ixible: ~~~

0. ý90.9 0. 9 04~9

14.0
0.7 0.0Olt.1
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Seismic Lateral Analyss

$c ýAK 2l0C

Sd9C A4C 90T

13 2 d.,4C 3C1 9i 1. i ?-

41. ,5C 34.5c to0. C 41 6C

41. 5• 34. 50. 42. 5C

Total Combined Lood -- Axial (k)

096 >.48 0.96 >.48 0.96 0.48

0.48 3.96, .. 4. 4 0.96 0.48 )96

'562 7.1 .... 15'62

62 -6 12:71 55:627.8 ..... .. :3_- 35 7.81

II

Total Combined Load -- Shear (k)

4.30 5.73 4.30 4.30 5.73 4 30 4.30 5.7.3 420

76.3.5:3 903 . 73 3

7030 93.73 70.31.578 76.23 557.18 70.30 .7. 70.30

otoI Combined Load -- Uoment (kft)
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Seismic Lateral Analysis
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Seismic Lateral Analysis

?7.olect : ffice Buildinq - •cnmme 6
Location Radford AAP

Seismic Code: TM 5-809-10 1991

Time Sun Jan 26, 1992 f,:12 PM

S ................ Seismic Laterai Resistance Locations....................

NS-1 -- F, 36%
----------------------------------------------------------..................

Floor to sum(F)

Level h Floor h F v 5TM sum(OTM)
tft) (ft) (k) (k) ýkft) kft)

3 28.0 15.9
14.0 15.9 223

2 14.0 28.4 223
14.0 44.3 620

1 .0 R42

Sum 44.3 842

rJS-2 -- F, 36%

Floor to sum(F•
Level h Floor h F V OTM jum tOTM)

(ft) (ft) (k) DO) (kft) (kft)

3 28.0 15.9
I.. 15.9 223

2 14.0 28.4 223

L4.0 44.3 +20
1 0.0 8k 2

Sum 44.3 842

NS-3 -- F, 28%
. . . . . . . . . . . . ..-------------------------------------------------------------

Floor to sum(F)
Level h Floor h F V OTM sum(OTM)

(ft) (ft) (k) (k) {kft) fkft)

2 14.0 28.4
14.0 28.4 397

1 0.0 397

Sum 28.4 397
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Quantity Take-Off Philosopny

3 Considerations

1. One typical interior bay (exterior side bay, corner bay)

. . . . . . .-by

2. One typical floor level and roof leve!

3. The entire building structural system

Estimated weights are not used
1 for quantity take-offs

Or Elements designed by Excel

-- Mil X [aspreadsheets are used

Use Modify Design and Copy Design
to manually enter element sizes

Calculated square footage
can be overridden
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Quantity Take-Off

S Start

v

Use Loads & Design
t Tool Palette

Select Second Floor/
Lower Roof Horizontal

Structural Plane

Design All Elements Design Surface
To Include In Designi Design

Quantity Take-Off design

Select A Surface Element
On The Second Floor

Design

Material: Steel
Description: Mtl Dk 2'-20ga/NLWT 2 5ý I
Weight: 1 99 psI

i Concrete Weight: 145.0 pcf
Concrete Weight: 42.0 psf
Depth: 4.5 in

Second Floor

Double Click Right
Mouse Key To End
Copying Designs

' I I

n B-opyDesi

EEeentsentTh



Quantity Take-Off

Design All Elements Design Beam Select Third Point
To Indude In Elements Beam With Properties

Quantity Take-Off - , ..... ......

Select All Other Third
Point BeamsV!

Double Click Right
Mouse Key To End
Copying Designs

V

Use Copy DesignI

Select Girder
With Properties

Select All Other
k.irders

Oourole Click Right
Mouse Key To End
Copying Designs

SDesign Column
m Use Copy Design

Elements

iSelect Interior Column I

With Properties

Select Other
Int erior Column

Double Click Right
Mouse Key To End
Copying Designs
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Quantity Take-Off

V V

Design All Elements Delete Designed -

To Include In Elements Not To Use Modify Design
Quantity Take-Off Include In Take-Off

Select Beam
C4-D4

Delete J
Repeat For All

Elements Supporting
Lower Roof

Quantity Take-Off

' Override Calculated
Square Footage

NS: 72'

V'woutput Acroll Outputl
EW 4,II

Page Setup

Left Margin: 0.5 in
Right Margin: 0.0 in

Exit Noe.,
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Quantity Take-Off
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Quant"t Take-Of

Project :office Building -- Scheme B

Location Radford AAP

Time :Sun Jan 26, 1992 6:30 PM

...........* ... ** ... * Q.uantity Take-off

Second Floor/Lower Roof

Plan Area: 72.0 ft x 48.0 ft: 3456.0 sqft

STrEEL: Narrowly spaced Elements

Weight/ Total

Description Length Weight Element No. Weight

(fi) (plf) (lbs) (lb.

36.0 0.0 0.0 17 0

Sum 0

Total Weight : 0.0 tons
Weight Per Square Foot : 0.0 psf

STEELt Widely Spaced Elements

Weight/ Total
Description Lengrth Weight Element No. weight

(ft) (plf) (lbs) ilbs)

W 14 x 34 (50) 24.0 34.0 016.0 10 '614)

46.0 0.0 0.0 2 0
W 21 x 50 (72) 24.0 50.0 1200.0 4 4900

W 16 x 26 (29) 24.0 26.0 624.0 15 9360

24.0 0.0 U.U : 0

Sum 22320

Total Weight 11.2 tons

Weight Per Square Foot : 6.5 paf
Number of Shear Stud& 1200

STEEL; Surface Elements

Total Conc Conc Total Weight

Description Depth Area Weight Weight Weight Conc

(in) (sqft) (paf) (pcf) (psf) (lbs) (Ibs)

MtI Dk 2"-20ga/NLNT 2.5' 4.5 2890 2.0 145.0 42.0 5731 120960

Mtl Dk 2*-2Oga/NLWT 2.5" 4.5 384 2.0 145.0 42.0 764 16126

0.0 2592 0.0 0.0 0.0 0 0

Sum 6495 137086

Concrete Cubic Yards 35.0

Total Weight : 3.2 tons
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Quantity Take-Off

STEEL: Column Elements

We iht/ Total

Description Length Weight Element •-o. weight

fft) ipif) ilbs) (lbs)

W d x 35 14.0 35.0 490.0 1? 4900
* 8 x 28 '4.0 28.0 292.0 2 '84

14.0 ).0 D.0 4 1)

Sum 5684

Total Weight 2.8 tons
Weight Per Square Foot 1.6 psf
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Concluding Remarks

Schemes A, B and C were developed to permit exploration and instruction of the broadest possible range of
CASM capabilities. The schemes should not be viewed as completely logical structural framing solutions to
the given design parameters, nor as necessarily economical. Each of the three schemes contain a variety
of elements, which if properly combined and interchanged might produce "real' schemes for consideration
at a 35% review.

Examples of unlikely components assembled in schemes A, B and C include: (1) concrete as a decking for
the low roof, (2) custom made trusses for the low root framing, (3) prefabricated limestone wall panels mixed
with cast-in-place concrete shear walls, and (4) non-composite steel beam framing for the second floor.

A logical steel framed beam/column solution for "real* consideration would include open web steel joists
spanning 48 feet for the upper roof to eliminate a central column in the second floor space. The lower roof
would be framed with 36 foot span open web steel joists (without inclusion of custom trusses) as in scheme
B. Both roofs would be sheathed with a metal roof deck without concrete and both would become flexible
diaphragms. The second floor would be framed with composite steel beams as in scheme B and remain a
rigid diaphragm. Two lateral load resistance system options could be compared. One scheme could include
a moment resistant frame approach similar to scheme A, while a second approach might incorporate trussing
similar to scheme B. The non-loadbearing exterior envelope is open to a variety of possibilities. The
Architects will likely dictate the aesthetic expression. The foundation system would be a combination of
isolated cnd linear spread footings.

A third logical SCILuion would be a masonry bearing wall system to support the steel open-web joist roW
planes described above. The second floor plane might be constructed of pre-cast pre-stressed hoNow cored
planks, which would also bear on the walls and a central steel girder line. Some of these walls could become
shear walls for lateral load resistance. Thus the exterior envelope and the interior partition provide a structural
function, eliminating costly moment connections and columns within the exterior wall layout. Footings are
now all linear spread footings with only one isolated footing.

It is unlikely that a reinforced concrete frame would present an economical solution for a 1-2 story office
building.

The structural engineers that become proficient with the use of CASM will be able to explore many other
ideas to arrive at the most structurally efficient and economical solution for this hypothetical project.
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Concludina Remarks

IA D)yJAA
24.0 24.0 3 0 .024 40

3.3

Si I I _ _ _i _ _ _ _ __ __ __ _

Typical

Rest ce Z4.0 SC m sitost" @ 4' o.c. 240 joist @ 4' o.c.

. . I
24.0 241.0

Upper Roof
Second F_001r Lower Roof

Typicol Lalt)rol
Resistonce LCo-z+nns

Scheme 1: Moment con,"or+;,',,- rot :-• , 4" Brick Verneer

resistance 1" Rigid Insulation

Scheme 2: Trussing for lateral load resistance .3 5/8" Metal Studs

2 1/2" Dry Wait
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Concluding Remarks

2 24.0 i C)6.0 ... -O, J 24.0O

83

II....__ __ i .-. I Ii
S- k I _D,,

Typical 2
Resistance Coe Joists 0 4' OC'oists @ 4' c.c.

Locations Planks
12.

A A0
7- _ _

Upper Root
Second F•,c-r Lower Roof

•.Ty7.:sjiLt~o
Resistance Locations

I I

Scheme 3: Sihear ] ýor uteral load 4" Brick Vemeer

resistance 1" Air Space

I1" Rigid Insulation
8" CMU walls can be used as shear wails

5" Bearing Wall CMU

Wood Furring &
'/2" Dry Wall
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!,,structon Reoort ITL-87-4 '2sers Guide: 2-D Frame Anatysis Link Program ILINK2D) jun 1987

.echnwcai Report ITL-87-4 -inite Element Studies of a Horizontaily Framed MWier Gate Aug 1987
Report 1: initial and Refined Finite E&3ment Models iPhases

A, B, and C), Volumes I and il
Report 2: Simplified Frame Modei (Phase D)
Report 3: Alternate Configuration Miter Gate Finite Element
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Report 4: Alternate Configuration Miter Gate Finite Element
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Report 5: Alternate Configuration Miter Gate Finite Element

Studies-Additional Closed Sections
Report 6: Elastic Buckling of Girders in Horizontally Framed

Miter Gates
Report 7: Application and Summary

Instruction Report GL-87-1 User's Guide: UTEXAS2 Siope-Stability Package; Volume i, Aug 1987
User's Manual

Instruction Report ITI -_7_1 idi,, Stanility of Concrete Structures (CSLIDE) Oct 1987

lnstruction Report ITL-2T-• _ 7_:3:.pecifications tor and Validation ot a Computer I- rogram Dec 1987
for the Design or In vesrfgt•i",. ; r_'.y F Me• ,iter
Gates (CMITER)
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Element Method - Phase 1 a

Instruction Report ITL-88-1 User's Guide: Computer Program for Aralysis of Planar Grid Feb 1988
Structures (CGRID)

TecAhnical Report ITL-88-1 Development of Design Formulas for Ribbed Mat Foundations Apr 1988
n'n Expansive Soils

Technical Report ITL-88-2 User's Guide: Pile Group Graphics Display (CPGG) Post- Apr 1988
processor to CPGA Program

Instruction Report ITL-88-2 User's Guide for Design and Investigation of Horizontally Framed Jun 1988
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According to Coros of Engineers Criteria for Hydrauiic
Structures: Computer Program XC098
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